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PREFACE

PREFACE

Judith Pederson

E, Eric Adams

Dredging � or the process of removing sedi-
ment from the seafloor � is important for keeping
harbors navigable to increasingly large ships. But
the process is tricky, because it can disturb contanu-
nants that accumulate in sediments from decades of

careless disposal practices,
A three-day program including two days of

conference sessions plus three parallel one-day
workshops brought together 200 researchers, man-
agers and others Born around the world to discuss
the management of' dredged material. The work-
shops, led by invited speakers, focused specifically
on Confined Aquatic Disposal  CAD! cells, benefi-
cial uses of dredged material such as for wetlands
creation or erosion control, and evaluation of risk
assessment tools to test for sediment toxicity. The
conference sessions included presentations on these
topics as well as presentations on Confined
Disposal Facilities  CDFs!, Policy and Management,
and Tools and Techniques.

We would like to express our appreciation to
the f'ollowing individuals and organizations who
helped with the program: a! our local steering com-
mittee, including Rick Armstrong, Frank Bohlen,
Deerin Babb-Brott, Barry Costa-Pierce, Scott
Douglas, Tom Fredette, Deb Hadden, Carlton
Hunt, Olga Quirin, Jonathan Sharp, Mike
Weinstein and Steve Wolf; b! program sponsors,
including Sea Grant Programs at Massachusetts
Institute of Technology  MIT!, New Jersey,
Mississippi-Alabama, Delaware, Connecticut and
Rhode Island, as well as the Massachusetts
Environmental Trust; c! additional contributors to
the program, including Daylor Consulting Group,
The Rhode Island Marine Trades Association and

the East Bay Initiative of Rhode Island; and d!
Gayle Sherman, who was responsible for document
layout and design.

The event was held at MIT under the auspices
of the MIT Sea Grant Marine Center on Capping
of Contaminated Sediments. This Center was

established in 1996 as one of several MIT centers

designed to conduct focused research on a particu-
lar marine subject area and to disseminate results
to the marine community. This particular center
was motivated by the recently completed Boston

Harbor Navigation improvement Project  BHNIP!
that relied upon capped CAD cells for disposal of
dredged materials. In the project, cells were dug
10 to 20 meters below the seafloor of the Inner

Harbor, filled with contaminated dredged materials
and capped with a meter of clean sand from Cape
Cod Canal. The clean clay dug up to create the
cells was disposed of offshore. The Marine Center
brought together scientists and students &om MIT,
the University of Massachusetts-Boston, and the
Harvard School of Public Health, to study physical,
chemical and biological processes, as well as
associated policy issues involved with the BHNIP
and similar projects. Marine Center research
findings spurred modifications of BHMP activities
and stimulated additional research by others, serving
as a model for adaptive managemen~.e. making
appropriate modifications based on new data. In
addition to NOAA/Sea Grant, our center was funded
by the New England Division of the Army Corps
of Engineers, the US Department of Energy, the
National Institute of Environmental Health Science
and the US Office of Naval Research.
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Monitoring Results from the Boston Harbor Navigation Improvement Project

Confined Aquatic Disposal Cells

T. J. RKDETIE'

P. E. JACKSON

C. J. Roams

U.S. Anny Corps of Engineers, ¹w England District
696 Virginia Road, Conc' MA 01742 USA

D. A. HADDEN
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E. DEANt-ELO
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9008-0 Yellow Brick Road, Baltimore, MD 21237 USA

ABSTRACT: The dredging, filling, and capping of nine Confined Aquatic Disposal
 CAD! cells for the Boston Harbor Navigation Improvement Project provided an ideal
opportunity to improve construction methods and monitoring approaches for in-channel
disposal. %'orking with the project Technical Advisory Committee and the
Mamtchusetts regulatory agencies, it was possible to modify design requirements based
on experiences gained in each successive phase of the project. In 1997, the use and
monitoring of a single CAD cell lead to construction changes in cap placement for the
Phase H in-channel disposal cells. Additional experience with the first three, larger
Phase H ceHs in 1998 resulted in adoption of recommendations to increase consolidation
time and mhmnixe the use of the props on the hopper dredge during capping. These
approaches were applied to the last five cells created by the project in 1999/2000
resulting in even higher levels of success than in the earlier cells. CAD cells can provide
a practicable alternative for contaminated sediment management. The success and
experience gained from projects such as the Boston Harbor Navigation Improvement
Project will certainly increase the enviromnental acceptability of CAD cems as a
management alternative.

Key words: CAD, capping, monitoring, Boston Harbor, MA

'Corresponding author, telephone: 978-318-8291;
fax: 978-318-8303; email: thomas.j.fredettetttusaee.army.mil



4 FREDETTE ET AL.

Note: The findings in this paper were originally pre-
sented at the Western Dredging Association, Twentieth
Dredging Seminar, June 25-28, 2000; Warwick, Rhode
Island, Since the presentation at the December 2000
Technical Conference and Twenty-Second Texas ARM
Conference on Dredged Material Management, a final
sununary report has been prepared  US Army Corps of
Engineers, 2002!.

INTRODUCTION

Management of silty, fine grained sediments,
determined unsuitable for ocean placement,
dredged from the Boston Harbor Navigation
Improvement Project  BHNIP! have been placed
into a series of confined aquatic disposal  CAD!
cells dredged below the Federal navigation chan-
nels of the inner harbor. Following placement of
these silty maintenance sechments, sand dredged
from the Cape Cod Canal was used to create caps
over the cells  Figure 1!. Sediments from the cell
construction and channel deepening were placed at
the offshore Massachusetts Bay Dredged Sediinent
site. This unique, large-scale project has provided
an excellent opportunity to improve our under-
standing and application of this management
approach. The latest capping and monitoring, con-
ducted at two cells in November and December

1999, have continued to support the conclusion that
consolidation time is critical to cap success.

Application of the CAD management approach
for the Boston Harbor project has been an evolu-
tionary and iterative process that has been coordi-
nated with an interagency Technical Advisory

s

>~X/

Figure i. Location of Boston Harbor Navigation Improvement
Project and Cape Cod CanaL

Committee  TAC!, Project progress, monitoring
results, and changes in the rnanageinent approaches
have been continually coordinated with the TAC,
consisting of local environmental interest groups,
academic representatives, federal and state agen-
cies. Involvement of these groups throughout the
process enabled practical project modifications to
be impleinented, as needed, with each new round
of cell capping and monitoring.

The creation of CAD cells for the project
began in 1997 when two berths at Conley Terminal
were clainshell dredged and the maintenance sedi-
ments were placed using a bottom opening barge
into a small �00 x 500 ft! and relatively shallow
 average of -57,5 ft MLLW! ceH  Figure 2, cell
IC2!. Average fill elevation was -48.5 ft MLLW,
resulting in about nine feet of maintenance sedi-
ments in the cell. Sand capping began nine days
after placement of the maintenance sethents and
continued for 12 days. Results from this first cell
 referred to as the Phase I cell! demonstrated that
capping was feasible, though some changes to
operations were recommended. This included a
recommendation to not use spudded barges for
placement of cap material, because of the observed
uneven distribution of sand over the maintenance

sediments  Murray et al. 1999, Murray 1998!. It
was initiaHy predicted that the sand released from
the barge would flow downstream with currents
within the cell. Instead, the sand cap material fell
directly beneath the opening of the barge. It was
also recommended that a longer consolidation time
be aHowed for the sediment placed in the CAD to
reduce the amount of mixing between cap and
maintenance sediments.

The next three cells to be dredged, filled, and
capped  M4, M5, and M12! were substantially
deeper  average depths of � 85, � 80, and � 110 ft
MLLW! than the Phase I cell  Fredette et al, 1999!
 Figure 2!. These cells were filled with 21, 31, and
34 feet of silt, respectively. Consolidation time
between the last load of maintenance sediment and

the first cap placement ranged from 30 to 52 days
for these Phase II ceHs, Sand cap was sprinkled
using a partially opened hopper dredge which
maneuvered over the ceHs. Mixing of sand with the
silt and the presence of silt layers from 1-4 feet
thick on top of sand layers over portions of the
cells led to the recommendation that even greater
consolidation time be allowed  NB: consolidation
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Figure 2. Boston Harbor Navigation Improvement Project, Mystic
and Inner Confluence Disposal Cells.

Figure 3. TIme history in days of disposal,  open circle!, consolidation,
and capping,  closed circle!, for Mystic River Cells.

Figure 4. Supercell slump sample average height and spread.
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time was initially determined by the Water Quality
Certification goal of minimizing the potential
short-term environmental exposure, rather than
maximizing time for capping considerations!.
Additional changes in cap placement  discussed
below! were also made to help maximize condi-
tions for success.

Since the capping of M4, M5, and M12, five
other cells have been under active use. Four of

these, Supercell, M2, M8 and M19, are in the
Mystic River and one, C12  not shown!, is in the
Chelsea River, This paper discusses the results
from the cells capped late in 1999, M2 and the
Supercell. Of the remaining cells, M8 and M12
were capped in the fall of 2000 and monitoring
results are currently being reviewed. As cell C12
was only partially filled, it will remain uncapped
and available for future projects.

FILLING AND CAPPING OF CELL M12
AND SUPERCELL

Cells M2 and the Supercell  so called, because
of its size! had very different time histories than
the prior three cells M4, M5, and M12  Figure 3!.
These two cells had considerably greater consoli-
dation times  approximately 5 months! and also
had inore prolonged placement of the silty mainte-
nance sediments. Silt placement into M4, MS, and
M12 took place in less than 45 days time, whereas
the filling of the SuperceU and M2 stretched over 6
and 8 months, respectively, Average cell depths for
M2 and the Superceii were similar to the earlier
Phase II cells, but the Supercell was considerably
larger in footprint  Figure 2!.

As part of assessing the readiness of the cells
for capping, a simple slump test was used to exam-
ine changes in silt consolidation. This was done by
taking three sediment grab samples periodically
from each cell, placing the grab on a sheet of ply-
wood pre-marked with concentric circles, and esti-
mating the spread and height that the sediment
maintained. Both qualitatively and quantitatively
these samples provided some evidence of increased
consolidation through time. The height that the
material maintained showed a fairly clear trend,
whereas the spread was more equivocal  Figure 4!,

Capping of M2 and the Supercell used the hop-
per dredge, Sugar Island  Great Lakes Dredge and
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Dock Company!, that was opened just enough to
slowly release the sand. However, for these two
cells the dredge was maneuvered using a tug rather
than utilizing the dredge's own engines as was
done for the previous three cells. 1'his change was
made as one more means to minimize any potential
for disturbance of the silt during capping, Seven
hopper loads of sand �7,500 yd3! were placed
over M2 and 20 over the Supercell �9,700 yd3!.
As for the previous three cells  Fredette et al.
1999!, dredge position was recorded every ten sec-
onds during cap placement of each load and these
data were used to estimate cap coverage. Dredge
position was displayed as a line representing the
longitudinal axis of the dredge. This is shown for a
single cap load in Figure 5 and similar data from
all of the cap loads were subsequently combined to
estimate cap thickness as construction proceeded.

Disposal Positions  t 0 sec interval!

RFs '.: "=.' . FN-.c rstr."'
: assn n nn, o nsl o.':::ll!

o -Kg

Figure 5. Position of hopper dredge during placement of load ¹4
into cell M2  top! and estimated cap thiclcness from the single load
 bottom!.

Sub-bottom profiling and coring of the cells
was conducted by Ocean Surveys, Inc. within two
weeks of capping using the same equipment and
approaches described earlier  Fredette et al. 1999!.
Cell M2 was surveyed on two longitudinal tran-
sects and four lateral transects  Figure 6!.
Surveying the larger Supercell involved four longi-
tudinal sections and eight cross sections. Six and
fifteen vibracores, respectively, were taken at inter-
secting points of the sub-bottom survey lanes to
allow better interpretation of these two data types.
Previously, it had been recommended that cores be
randomly located  Fredette et al. 1999!. However,
additional discussion of the data from the previous
cells led to the conclusion that coordination of

these two data sets would strengthen the overall
analysis.
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Figure 6. Sub-bottom survey lanes and core locations for cell M2
 top! and the Supercell  bottom!.



RESULTS

Sn+c lc a

c
.S tea

trace,
Isn-s

I

Ic
I M~

c.c

ceca

DrscUSStoN

acc .'

Sub-bottom profiles of cells M2 and the
Supercell showed a strong reflective layer at the
surface of the cell indicative of a sand cap  Figure
7!. Below the sand cap was the relatively feature-
less silty sediments, The sand caps showed consid-
erable medium and large scale topographic varia-
tion and occasional internal layering, something
not seen in the first three cells, because of the
amount of silt mixed with the sand cap, The
Supercell was also characterized by the presence of
multiple diapiric structures, which appear as
upward arching features in the cap  Figure 8!.
These diapiric structures, which are similar to
those observed in geologic records, possibly were
caused by movement of water or silt, These struc-
tures were almost non-existent in cell M2.

The cores provided direct physical evidence of
the presence of the sand cap at the surface of the

~ c ~g

Figure 7. Sub-bottom profile line x of cell M2 showing cap and
location of two cores.

lPc c
I I

Ecru ' KSI-uc

Figure S. Sub-bottom profile along line 3 of the Supercell showing
core locations and numerous silt diapirs.
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cells  Figure 9!. Most cores from the two cells
showed sand from 1-4 feet thick at the sediment-

water interface � of 6 in cell M2 and 12 of 15 in

the Supercell!. A few of the cores showed no sand
at the surface  e.g., SS1-2, SS1-14, M2-4! and sev-
eral had multiple bands of sand separated by layers
of finer silty sediments  e.g., SS1-2, SS1-11, M2-5!,

Figure 9. Core descriptions from cell M2. Sand is shown as stippled,
silt as black and Boston blue clay  BBC! as gray. Units are in feet.

Both the Supercell and cell M2 appeared to
have continuous sand caps ranging from one to
four feet thick over the silty maintenance sedi-
ments. The M2 cap most closely matches ideal
expectations, with little evidence of diapirism and
more consistently thick surface sand layers in the
cores. The Supercell had numerous diapiric struc-
tures, which appear as upward arching features on
the sub-bottom profiles  Figure 8!. Cores that
showed no sand at the surface almost always
appeared to be associated with the presence of one
of these diapirs, For example, core SS1-2 was
taken along the Supercell transect Line 2 where the
presence of a diapir was clearly evident  Figure
10!. Creation of these diapiric features may be
caused by silts trying to move through the cap or
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Figure 10. Sub-bottom profile along line 2 of the Supercell showing
core locations and presence of silt diapirs.

just by release of water as it continues to exit from
the consolidating maintenance silt sediment below.
The latter explanation may be more reasonable, as
there was very little evidence in the cores or sub-
bottom profiles that silt had spread across the top
of the sand.

The greater abundance of these features in the
SuperceH is very possibly related to its larger size.
In aH cells, the cell walls may provide channels in
which consolidation water can be released, but in a
larger cell the greater distance to a cell wall and
the smaller ratio of cell wall to cell volume means

that more water must exit through the surface. In
addition, ceH M2 had much of its filling occur 2
months earlier than the initial SuperceH filling and
M2 also had two prolonged periods of inactivity
 Figure 3! where substantial consolidation could
have taken place. AH of these factors combined
probably resulted in the SuperceH being at a lower
consolidation state at the time of capping even
though the time from the last barge placement to
capping was the same.

The longer consolidation time that was allowed
for these latest two cells relative to the earlier cells

appears to have had a considerable effect on the
ability of the silt sediments to support the sand cap
 Figure 11!. CeH M2, in particular, provides almost
a textbook illustration of expectations, Whereas
sand in the earlier ceHs  especiaHy cells M4 and
M5! occurred in continuous bands across the ceHs,
it was overlain by fluidized mud that may have
oozed through diapiric vents  Fredette et al. 1999!.
However, the observation of some sand layers
deeper in the SuperceH cores and the fact that esti-
mated sand thickness should have been a minimum

of 2 ft thick, suggests that silt strength in this cell
was stiH not sufficient to support all of the sand
that was placed. It appears that the SuperceH, at

Figure 11. Comparison of survey line 40, cell MS, December 1998
 top! to line 3, cell M2, November 1999  below!.

least, may have benefited from even longer
consolidation time.

Before we refine our recommendations for

capping of CAD cells, some discussion of the
advantages and disadvantages of capping such
cells should be considered. Certainly the placement
of a sand cap will help to minimize the re-intro-
duction of the contaminated silts back into Boston

Harbor and it was instrumental in gaining regulatory
approval for the project. However, because of the
probable depositional nature of these cells  they
are below the elevation of a navigation channel
which itself was depositional and in need of peri-
odic maintenance!, the sand cap itself will soon be
btuied with sediments very similar in nature to
those it is intended to cover, Thus, the sand cap
may only provide a very short-term net isolation
benefit. This is also true of the potential habitat
enhancements that the cap may have been envi-
sioned to provide.

The placement of a cap into the CAD cell also
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has a negative value with respect to cell capacity.
Without the cap the cell can accommodate an even
greater volume or the cell capacity used by a cap
can simply be left to accumulate future deposition.
This behavior as a segment trap could have a
long-term benefit with respect to decreasing the
volume or frequency of future channel mainte-
nance. This would both decrease the regulatory
challenges of future maintenance needs and also
lessen the environinental disturbance that occurs

with dredging.
There are also other concerns that factor into

the use of CADs and their capping, including the
potential to create anoxic sinks and the impacts of
large vessels on erosion of cell contents. Both of
these have been considered in Boston and relevant

investigations have been conducted. Sampling con-
ducted in 1999 did not observe lower dissolved

oxygen in the Boston CAD cells  Normandeau
Associates, Inc. 2000!, but this is an issue that may
need further investigation to reach any long-term
definitive conclusion. Anoxia development may
also be a very locale-specific issue for which some
verification monitoring may be appropriate.

An investigation was performed in the spring
of 2000 to provide an initial evaluation of the
eG'ect of vessel passage over capped and uncapped
cells  SAIC, 2000!. Currents and suspended solids
were monitored in the water column over the cells

following passage of a large vessel, The monitor-
ing revealed that bottom sediments were temporari-
ly resuspended with the passage of the vessel, but
the amount of sediment resuspended was very
small. It needs to be recognized that the same sedi-
ments that are cause for concern in the CAD cell

may be the same segments that were even closer
to prop wash disturbance when they were in the
channel in a shallower situation.

RECOMMENDATIONS

Confined Aquatic Disposal  CAD! cells offer a
practical and effective alternative for the manage-
ment of contaminated sediments. However, there
are several questions that need to be considered
before their selection for project use. One of the
most critical, for design purposes, is the necessity
for a cap. If the benefits of a cap are determined to
be less than the disadvantages, then consideration

of consolidation time and choice of dredging
eqmpment take on less importance. Disadvantages
of a cap include the loss of cell capacity that the
cap uses and the cost associated with supplying
cap, while the advantages may include isolation
where rapid sediment accumulation over the cap is
not anticipated.

If the use of a cap is determined necessary,
then using approaches that maximize the strength
of the underlying sediments becomes a large con-
sideration. This includes the method used to dredge
the sediments and the length of tiine that consoli-
dation will be allowed prior to capping. Also to be
considered is the choice of cap material and the
method used to place the cap. If erosion of the
material in the CAD is of concern then a coarse

cap may be required. Sand, because of its greater
density, however, may not be the best choice for a
cap over silty, high water content sediments. Slurry
placement of a fine grained, clean silty sediment
could eliminate the need to allow consolidation and

also lessen concerns about impacts of dredge selec-
tion on sedunent strength. The relative density and
strength thfferences between a maintenance silt and
a silty cap would likely result in very little mixing
and effective capping. Though, as learned several
years ago in the New Bedford Harbor pilot project,
mixing of such similar materials can occur if the
cap is discharged with too much energy directly
near the CAD fill elevation  US Army Corps of
Engineers 1990!. Even gradual disposal from a
barge of similar high water content silt segments
may lessen the need for consolidation.

The Boston Harbor CAD cells represent the
most extensive use of this alternative in the United

States and internationally it is probably second
only to their use in Hong Kong  Whiteside et al.
1996!. However, the monitoring that has been con-
ducted on the Boston cells is likely more extensive
than that conducted elsewhere. With the growing
consideration of the use of CAD cells throughout
the world we offer the following suggestions:
~ Evaluate whether a cap is necessary and

advantageous. Its benefits may be short-term at
best because of rapid new sedimentation.

~ Maximize the strength of the fill sediinents by
dredging thein as close to in-situ density as
possible. This may include avoiding the use of
hydraulic dredges or water-tight clamshell
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buckets which may introduce excess water into
the sedunent.

Bathymetric surveying is of limited use in
assessing cap thickness, because of the ongoing
elevation changes that occur due to consolida-
tion of the sediments.

Coring, combined with sub-bottom profiling,
can be an effective means of monitoring cap
success. Together these methods were very
complementary, whereas alone they would
have been much more difficult to interpret,
Placement of core locations at intersecting
points of the sub-bottom suey lanes proved
of much greater use than randomly selected
locations.

Use of gradual cap placement and a tug to
maneuver the hopper dredge are both potential
means tO help tnininiize miXing Of Cap and the
contaminated sediments,

Disposal of the silty material into the CAD
cells from hopper or split hull barges can be
accomplished successfully with little impact to
water quality,
Consolidation times of 5-6 months or longer
may be needed for cells of similar dimensions
and using similar fill and cap materials as in
Boston. However, the length of time to fill the
cell should also be considered. If filling occurs
quickly, longer consolidation tilnes of up to a
year prior to capping may be reasonable.
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PARTICLE CLOUD DYNAMICS

Dyn:mdcs of Particle Clouds Related to Open-Water Sediment Disposal
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ABSTRACT: Open-water disposal and capping are promising solutions for disposal of
the 14 to 28 mullion cubic meters of contaminated sediment dredged annually in the
United States. However, such practices raise concerns about the feasibility of accurately
placing the material in a targeted area and the loss of material to the environment
during disposaL

To investigate the question of sediment loss during disposal, laboratory experiments
were conducted in a deep glass-walled tank usmg a quick-opening sediment release
mechanism and a specially<esigned curtain shade serving as a "sedunent "trap". Both
non-cohesive and cohesive sediments were utiTized under a variety of release conditions
 varying initial momentum, water content, initial stirring, etc.!. Data co~ of digital
images of particle douds illuminated by laser-induced fluorescence, and measurement
of sediment mass captured on the trap at various stages of cloud descent. The major
cause for particle loss was observed to be failure of material to be incorporated into the
plume, rather than any observed "stripping" mechanism.

Current particle cloud models employ thermal theory and an integral approach using
constant entrainment  tX!, drag  C<! and added mass  k! coefricients. Our aim was to
investigate how real sediment characteristics  particle size, water content and initial
momentum! affect doud behavior and hence ttme variations in C, Cd, and k.

Key words: particle dispersal, open-water disposal, cloud behavior

INTRODUCTION

Corresponding author, telephone: 617-253-6595;
fax: 6l7-258-8850; email: eeadann Omit.edu

Open-water disposal, with or without capping,
is a promising solution for disposing of the 14-28
million m' of contaminated sediment dredged
annually in the United States  NRC, 1997!.
However, such disposal raises concerns about the
ability to accurately place sediments  either con-
taminated dredged material or clean capping mate-
rial! in a targeted area, as well as the loss of sedi-
ments to the environment during disposal.

Instantaneously released sethrnents form
axisyrnmetric "clouds" resembling self-similar
thermals. Current particle cloud models such as
STFATE  Johnson and Fong, 1995! date back to
Koh and Chang �973!. Most models employ

thermal theory with an integral approach using
constant entrainment  spreading rate!  tx!, drag
 Cd> and added mass  k! coefficients. Our aim was
to see how real sediment characteristics  particle
size, water content and initial momentum! affect
cloud behavior and hence time variations in a, Cd
and k, especially in the initial phases of plume
descent of particular relevance to shallow water
sites  see Figure 1!. We were also concerned with
the process of cloud formation, and with measur-
ing how much of the material is initially incorpo-
rated into the cloud, as well as how much is lost

during convective descent.

Flow visualization experiments were conducted
by releasing 40 g  dry wt.! of either non-cohesive
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Figure i. Phases in the convective descent of an idealized Particle
cloud.

glass beads, or cohesive ground silica silt  less
than 36% solids by wt.!. Experiments were con-
ducted in an 8-ft-deep glass-walled tank, using a
quick-opening sechment release mechanism and a
window-shade type "trap" mechanism  Ruggaber,
2000!. Observations were recorded using a CCD
camera and framegrabber image system for subse-
quent image processing.

Cloud momentum was varied by changing the
height-diameter ratio of the release cylinder, the
cylinder's distance above the water surface, and the
amount of excess water. Conditions for three

groups of experiments are illustrated in Table 1.
Particle sizes were scaled to real-world dimensions

 Table 2! through the cloud number  N,! defined as
the ratio of the particle settling velocity ws to the
characteristic cloud velocity,

where B, r and p are cloud buoyancy, radius and
density  Rahimipour and Wilkinson, 1992!.

A simple integral-type model was employed to
determine the ability of this class of model to sim-
ulate cloud behavior within the initial acceleration

and deceleration phases. The model solves the

mass, momentum, and buoyancy conservation
equations for a cloud of constant shape using either
constant or time-varying values for ot, Cd, and k.
An "inverse" integral model was also developed in
which the conservation equations were solved for
two of the three input parameters  e.g., tx and k!
based on measured time variation in cloud velocity
 w! and equivalent radius  r!. Based on the inverse
model results, parole cloud experiments were
simulated with an integral model using constant
and time-varying tx, Cd, and k.

RESULTS FOR MODEL PETERS

Table 3 summarizes results for cloud growth
for the experiments described in Table 1. Non-
cohesive sediments rapidly formed "turbulent ther-
mals" with asymptotic deceleration  w - t '~;
Figure 2! and large initial growth rates �.2 < ctt
0,3!. The particles eventuaHy evolved into "circu-
lating thermals" with linear growth rate predicted
by buoyant vortex ring theory  cd � B/K'! where K
is the cloud circulation  Ruggaber, 2000!. This
transition was observed when the cloud radius had

approximately doubled relative to its initial sub-
rnerged radius or quadrupled relative to its pre-
release radius. This follows boundary layer theory
and corresponds to field water depths of order 100 m
In the "circulating therinal" phase, large particles
 N ! 10 ! produced laminar-like vortex rings with
significantly slower spreading �.1   ct   0.2!,
while the smaller particles maintained close to their
original a values  Figure 3!. Changes in water
content and initial momentum produced more vari-
ation in the spreading of cohesive particles as com-
pared with non-cohesive particles.

Inverse integral modeling suggests that C< and
k are near zero within the "turbulent thermal"

phase. In the "circulating thermal" phase, the reduc-
tion in a caused by the large particles  Nc>10 !
increased k to a value similar to that of a solid

sphere  -0.5!. Integral model results confirm the
suitability of using constant coefficients for model-
ing particle clouds with N, < 10+, while for
N,	0+, time-varying a and k are required to
properly simulate cloud behavior in the "circulating
thermal" regime.
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Table l. Conditions for three groups of experiments. Bold entries are varied within each group.

Part. Ia. Part. set. Cyl. dia. Cyl. ht;/dia.
 mm! veL  cm! ratio

 cm/s!

Excess Rel. pos.
H20
 cm'!

Experiment

Group I Experiments

0.264 3.2 3.18

0.264 3.2 3.18
0.264 32 4.45
0.264 3.2 4.45

Group II Experiments

0264 3.2 4.45

0.264 32 4,45

0,264 32 4.45

0.264 3.2 4.45

40 AW

40 BW

40 AW

17 AW

Group ID Experiments

0.024 0.047 4.45
0.024 0.047 4.45
0.010 0.0091 4.45
0.010 0.0091 4.45

sko64 mn ssaassa, AwTable 2. Nc scaling of particle cloud grain sizes between 27 cm
laboratory volume and barge volumes of 10, 100, 1000 and 5000 ms.
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101.4

0.6

0 0.2 OA 0.6 0%
Log rsna!

Figure 2. Cloud velocity vs. time for Group 11 Experiments, The
-0.5 slope matches thermal theory.

0 5 10 16 20
Racaua  stash .

Figure 3. The entrainment coefEcient  s~g rate! for two Gmup
m Experiments.

3,18 cm cyl., dry

3.18 cm cyl,, wet
4,45 cm cyl., dry
4.45 cm cyl�wet

40cm H20, Sus.,AW
40cm H20, Sus.,BW
40 cm' H20, Sus., AW
17 cm' H20, Sus., AW

0.024 mm beads, AW
0.024 mm beads, BW
0.010 mm beads, AW
0.0I0 mm beads, BW

1.1

1.3
0.4
0.5

0.8

0.8

0.8

0.5

0.8
0,8
0,8
0.8

0

17
0
17

40
40
40
40

AW

AW
AW
AW

AW
BW
AW
BW
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Table 3. Cloud growth parameters for experiments shown in Table 1. Time t, denotes the onset of turbulence  corresponding approximately to
fully submerged conditions!; t, and z denote the time and depth associated with the transition to "circulating thermal"; at and tx2 ate spreading
rates before and after this transition, and r, rt and r are equivalent cloud radii before release, at the onset of turbulence and at the transition to
circulation.

a. It's! Qs! z, cm! r Jr, r Jr,Experiment

Group I Experiments

3.18 cm cyl., dry
3.18 cm cyl., wet
4 45 cm cyl., dry
4.45 cm cyl.�wet

0. 14 0.5 1.7
G.! 8 0.27 '2.3
0.16 0.47 1.3
0.14 0.30 1.3

0,18
0.17
0.20
0.22

39
51
31
26

2.0 4,5
3.3 5.1
1.9 4,1
2.3 3.9

Group 11 Experiments

40 cm H2O, Sus,, AW
40 cm' H20, Sus., 8 W
40 cm' H20, Sus,, AW
17 cm' H20, Sus., A W

G.18 0.13 1.0
G. I 8 0.40 !.4
0.16 0.20 1.4
0.19 0.17 1.1

0.27
029
0.23
0.3 I

19
23
28
22

23 33
2.0 3.8
2,4 3.9
2.7 4.0

Group 111 Experiments

0.23 0.12 020 3.0
028 02G OAG 2 7
0.27 0.2G 0.13 5.2
0.29 024 027 2.6

2.8 5.4
2.6 4.5
6.8 6.8
4.8 4.8

0.024 mm beads, A W
0.024 mm beads, BW
0.010 mm beads, A W
0.010 mm beads, BW

3&
29
55
33

the bottom shortly after it. Material not incorporated
into the "stem", which may be advected by arnbi-
ent currents, was found to be only a small fraction
 < 1%! of the original mass.

CQNcLUsloNs

Figure 4. Sediment trap locations for determining "stem" mass
distribution for 0,010 mm "BW" silt experiment.
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Sediment trap experiments indicated that fail-
ure of particles and fluid to be initially incorporat-
ed into the cloud represents the main mechanism
through which sediment is lost to the environment.
Material not initially incorporated into the cloud
formed a narrow "stem" behind the cloud, which
contained as much as 30% of the original mass
depending on the release conditions  see Figure 4!.
Sediment collected on traps placed at different
depths relative to the passing cloud showed that
much of the "stem" material was either re-
entrained into the cloud later in descent or reached

Particle clouds transition from an initial

"turbulent thermal" regime to a "circulating ther-
mal" regime when their radius grows by about a
factor of four relative to the prerelease radius.
Fine particles  N < 10+! exhibit constant spreading
throughout both regimes characterized by �.2 < ct
< 0.3!, but significant sensitivity to initial water
content and momentum. Larger particles exhibit a
decrease in spreading from 0.2 < cl < 0,3 to 0.1 <
a < 0.2 following the transition, For water depths
greater than about 100 m, this variation should be
included in model simulation. Finally, the major
cause for particle loss is failure of material to be
incorporated into the plume, rather than any
observed "stripping" mechanism.
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Disposal of Boston Harbor Sediments into in-Harbor CADS:

Minimal Water Quality Effects

ANN PEMl3ROKE'

JAMEs BAlEK

Normandeau Associates, Irtc.

25 Nashua Rd.

Bedford, NH 03110 USA

ABSTRACT: Maintenance and improvement dredging of portions of the federal
channels servicing Boston Harbor  MA!, as well as adjacent berth areas occurred from
summer 1998 until spring 2000. Maintenance material  approxiniately 1,000,000 cy! was
found to be unsuitable for unconfined open water disposal during the environmental
impact asssmment process. Assessment of disposal alternatives identified areas within
the footprint of the federal navigation channel upstream of subsurface obstructions
 vehicular tunnels! as the preferred option for constructing deep cells for containing the
dredged silt material. Water quality modeling, using worst~ assumptions, during
the environmental impact as!essment process indicated that this type of disposal could
be accomplished with nnimnal water quality impacts. Permit requirements were
developed to include a water quality monitoring prograin that tested the various
disposal scenarios that were anticipated to arise. This paper details the results of the
monitoring program.

The monitoring program included tracking of the turbidity plume that was predicted to
result from disposal from each scow. In addition, various sediment sources  specific
channels and berths! and disposal locations were targeted for turbidity and water
chemistry monitoring. These scenarios were selected to be representative of the typical
project conditions as well as the worst-case conditions. In most cases, the disposal plmne
was so negligible that it was difncult to identify. No parameters tested were found to
exceed applicable water quality criteria. It is concluded, therefore, that, as predicted,
maintenance dredging of portions of Boston Harbor was accomplished with no
substantial water quality effects.

Key words: CAD, water quality monitoring, turbidity plume, impact assessinent,
contaimnated sediments

BACKGROUND

Surficial sediments lrom the channels and

berths proposed for deepening were extensively
tested for chemical and physical properties, biolog-
ical effects and water column effects during the
developing of the draft EIR/S for the Boston
Harbor Navigation Improvement and Berth
Dredging Project  BHNIP!. Results are detailed in
the DEIR/S  Massachusetts Port Authority and

Corresponding author; telephone: �03-472-5101!;
fax: �03-472-7052!; email; apembroke 4'normandeau.corn

U.S. Army Corps of Engineers 1994!. Coinparison
of chemical and physical results to the
Massachusetts Department of Environmental
Protection  MDEP! standards for assessing dredg-
ing material disposal options showed that most
surface sediments exceeded the allowable limits

for unconfined open water disposal. Further
bioassay testing indicated that the potential for
sublethal effects existed. Thus, it was determined
that none of the surface sediments could be dis-

posed at the Massachusetts Bay Disposal Site.
Excavation of deep cells within the BHNIP

footprint in the federal channels was identified as
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the most environmentally sound disposal option
 Massport and USACE 1995!. On the plus side,
contaminated sediments would remain near the

source; and, capping would sequester contami-
nants. Soine concerns remained, however.

Elutriate results had indicated that some parameters
could be dissolved in the water column during dis-
posal  Massport and USACE 1994!. As Boston
Harbor has been experiencing dramatic improve-
ments in water quality as a result of Massachusetts
Water Resotuces Authority's  MWRA! activities
 reductions in CSOs, cessation of sewage sludge
disposal!, there was a concern that disposal in-
harbor could impair these improvements, even
temporarily.

Water quality effects of disposal in Boston
Harbor were evaluated during the EHVS process
using a combination of the STFATE and WQMAP
models  ASA 1995!. Assuming that disposal of
sethments containing the highest concentrations of
contaminants observed took place in a single loca-
tion in the harbor on a daily basis, the model pre-
dicted that a steady-state would develop in which
an area of slightly increased suspended segments
and slightly elevated  but below water quality cri-
teria! concentrations of parameters such as copper,
mercury and PCBs would persist until disposal was
completed. Plume dimensions would vary accord-
ing to the tide, with gradual dispersion down the
harbor.

To address the concern that flood tides would

cause waterborne disposed sediments to build up in
the upper inner harbor and to allow the largest vol-
ume of water for dilution, MDEP required that the
dredger dispose only around high slack tide. In
addition, they established a water quality monitor-
ing plan to assess the areal extent of the influence
of individual and cumulative disposal events.
Various situations triggered monitoring, including:
early disposal episodes in each tributary  Mystic
and Chelsea Rivers!, disposal of high volumes of
sediments on a given tide, disposal of the more
highly contaminated berth sediments, and limited
remaining capacity of a cell.

MowrroRtNG CoMpoNENTs

Four types of monitoring were conducted:
areal extent of the turbidity plume, water quality at
the edge of the inixing zone, dissolved oxygen in

bottom waters above uncapped cells, and bioaccu-
mulation  Table 1!. For the turbidity pltune track-
ing and turbidity measurements during water quali-
ty monitoring, data were collected using a YSI
6920 turbidometer interfaced with differential GPS

using HydroPro software that recorded turbidity
and position at one-second intervals  approximately
every 2-5 feet traveled!.

Table l. Monitoring components, as required by the Massachusetts
Department of Environmental protection Water Quality Certificate.

Water quahty monitoring was initiated by
determining the location of the densest portion of
the plume both laterally and vertically along a tran-
sect 300 ft downcurrent of the disposal cell. This
was accomplished by towing a turbidometer along
the transect extending 200 ft beyond the sides of
the cell within three feet of the bottom and in the

middle of the water column. Turbidity, depth, and
DGPS coordinates were displayed and recorded
continuously during these tows. The location of
the highest turbidity readings was reoccupied and
confirmed by collecting a vertical turbidity profile,
Water samples were collected at this site. During
each water quality monitoring event, a series of
five samples was collected  Table 2!. Figure 1
shows the layout of the sampling stations for a
typical water quality monitoring event. Water
chemistry results were compared to the water quality
criteria developed by MDEP. Samples collected 0.5
and 1.0 hour after disposal were compared to the
acute criteria. Samples &om 4-6 hours after disposal
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were compared to the chronic criteria. Dissolved
oxygen immediately above the bottom was collect-
ed in order to ascertain whether the presence of
exposed silts at depths greater than the stnTounNng
bottom exacerbated hypoxic conditions commonly
observed in the late summer-early fall in Boston
Harbor.

The potential exposure to resident organisms in
the upper harbor to contaminants released into the
water column by BHNIP activities, including both
dredging and disposal, was evaluated by placing
mussels in various locations stnTounding the work
area and at a reference site in the lower inner
harbor. Mussels were tested for bioaccumulation

of selected metals  As, Cd, Pb, Hg! and organics
 PCBs, PAHs! after exposure for a period of two
months.

Table 2. Water quality monitoring program involving dissolved As,
Cd, Cr, Cu, Ni, Pb, Zn; total Hg, PCBs.

Figure 1. Layout of water quality monitoring stations in the Mystic
River  A! and relation to Boston Inner Harbor  8!.

Turbidity rarely exceeded background levels in
near stuface waters. This was an expected result
because disposal was from a bottom-opening scow
whose loaded draft was well below the water sm-

face. At mid-depth, turbidity was occasionally ele-
vated, but no clearly defined plume was detectable.

A restricted turbidity plume was typically evi-
dent near the bottom of the water column.

Generally, however, turbidity levels during the
period from one to two hours after disposal  up to
about 30 NTUs! were only slightly higher than
ambient levels  �0 NTUs! in bottom waters.

Water quality sampling was the most extensive
component of the monitoring program. Of the
variables monitored, several  arsenic, cathnium,
and nickel! were never detected, despite laboratory
detection limits well below �.5 to 3 orders of
Inagnitude! the chronic water quality criteria levels,
Total PCBs were only detected in 3% of the sam-
ples tested. Most metals were observed frequently
at the reference station and the edge of the mixing
zone  Table 3!. Dissolved lead and total merctny
were detected more frequently in the samples at the
edge of the mixing zone than in the reference sam-
ples, suggesting that disposal activities could have
resulted in some release of these chemicals. No

metal was found in concentrations that exceeded

acceptable water quality conditions  Table 4!,
Because disposal at high tide was found to

have limited effects on water quality, MDEP
allowed the dredger to dispose of sethments at low
tide, provided water quality effects were docu-
mented. Results were similar to high tide disposal
� no parameter tested was found to exceed appro-
priate water quality criteria.

The original Water Quality Certificate required
that disposal cells be capped with sand in two
weeks to two months following final disposal.
Initial capping efforts indicated, however, that
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BIO ACCUMULATION

DISCUSSION

Table 3. Frequency of detection for variables tested during BHNIP
nlonltottng,

fpercentage of times detected out of a possible 13 monitoring events
except Cr and Zn which were monitored only during five berth sedi-
ment disposal events!

Table 4. Range of concentrations  ug/I! of frequently observed vari-
ables compared to MDEP water quality criteria.

capping could be accomplished more effectively if
the disposed sediments were allowed a longer peri-
od for consolidation prior to sand placement.
Several cells remained uncapped during the late
summer-early fall in 1999, a period when Boston
Harbor has often experienced hypoxic conditions.
Because the uncapped cells were several feet deep-
er than the adjacent harbor bottom, there was con-
cern that they could create pockets of exceptionally
low dissolved oxygen. From August through
October, however, dissolved oxygen in bottom
waters over the cells followed a similar pattern to
that at several reference locations. Bottom dissolved

oxygen was lowest in late September at all stations,
between 4 and 5 mg/L. Vertical profiles collected
during late September indicated that the greatest
decrease occurred within the top 20 to 30 feet of
the water colutntt. From about 30 feet to the bottom,

dissolved oxygen was stable ranging from about
4.5 to 5 mg/L.

Mussels were deployed in the Mystic River for
a period of two months about 1000 ft west of the
end of the federal channel  stations Ml and M2!
and about 1000  station M3! to 2000 ft  station
M4! east of easternmost disposal ceil, as well as at
a reference station about 1 mile down harbor from

the Mystic River. During this period, dredging and
disposal were actively occtnTing within the Mystic
River channel.

Analysis of variance was used to compare tis-
sue concentrations of arsenic, cadmium, lead, mer-
cury, total PCB, and total PAH across stations.
Cadmium was not detected in any sample. There
were no significant differences in mercury concen-
trations among stations. Results for the other
variables are shown in Table 5.

In general, the results of the water quality
monitoring program support the conclusion of the
predictive modeling that water quality of Boston
Inner Harbor would not be substantially impaired
by disposal activities, although the observed plurne
was much smaller than predicted and it did not per-
sist. Part of this result can be attributed to the fact

that thsposal activities did not unfold exactly as
assumed for the model. In particular, in-harbor
disposal did not occur on a daily basis for the dura-
tion of the project because that was not the most
eKcient operating mode for the dredger, In addition,
many barges contained a lower vohune of sediments
than assumed. The sediment quality asstnned for

Table 5. Results of ANOVA comparing mussel tissue concentrations
of selected variables. The sampling stations are listed in order of
~g concentration; underlined stations we statistically similar.
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the model was worse than typical conditions.
The mussel study did show some bioaccumu-

lation of arsenic, lead, PCBs and PAHs. Within the

harbor there are other potential sources of chemicals
that may influence mussel tissue concentrations.
Tissue concentrations of arsenic were highest at the
reference site, suggesting an in-harbor source. The
highest lead levels were at station M3 and M4,
located near the Tobin Bridge, which is painted
with lead paint. The highest lead level observed in
this study was nearly an order of magnitude lower
than levels observed at the hNVRA reference station

 in the lower inner harbor! in 1996  Mitchell et rd.
1997!. Both PCBs and PAHs exhibit a down-river

pattern, suggesting that the ultimate source was
farther up the Mystic River. Levels of total PCBs
in mussels at this study's reference stations were
similar to those observed at the MWRA reference

station in 1996, Total PAH levels at the BHNIP

reference station were lower than at the MWRA

reference station in 1996.

In conclusion, the use of in-harbor CADs was
an ef'fective method for disposal of contaminated
sediments in Boston Harbor. Water quality impacts
were minimal and did not persist substantially
beyond the immediate disposal event, as evidenced
both by the water quality monitoring and the bioac-
cumulation study, Uncapped cells appeared not to
compromise near-bottom water quality.
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ABSTRACT: Placement of a sand cap imposes impact and static loads on the
underlying dredged materiaL Suc~ capping requires that the dredged materials
consohdate for a time sufficient to develop the necessary strength to support the cap.
Hence it is of critical hnportance to understand the process of shear strength
development in weak sediments.

The research effort presented here is designed to investigate the consolidation and
strength developinent behavior of Boston Harbor sediment in diMferent effective stress
reghnes. The tests are performed on the sediment extracted from Reserved Channel,
with natural water content of about 160%. The range of effective stress spans from
0.1 g/cm' to 3000 g/cm, which corresponds to the depth range from zero to 300 feet in
a sub-aqueous deposit of the dredged material. Consolidation is progressively carried
out under self-weight conditions, surcharge conditions, and Snally in a Constant Rate
of Strain  CRS! Test The Autoinated Fall Cone Device is used to measure the shear
strength of the sedhnent

The results show that above a certain value of effective stress, the shear strength at a
given effective stress is independent of the thixotropic effect and the initial water
content. Below this value of effective stress, a consolidation model may be used in
conjunction with our data to estimate the shear strength for a dredged material as a
function of consolidation time and initial water content. This inethod for the estimation

of shear strength provides a basis for developing the guidelines for the opthnal timing
of cap placement.

Key words: capping, shear strength of weak sediments, consolidation, cAD

INTRODUCTION

ICorresponding author; telephone: 617-253-2721;
fax: 617-258-8850; email: osm@mit.edu

The technique of Confined Aquatic Disposal
 CAD! capping is often utilized for sequestering
contaminated marine sediments. It involves exca-

vation of subaqueous borrow pits which are subse-
quently filled with contaminated material and then
capped with clean sediment. A CAD cell 500 ft
long, 200 ft wide, and 40 ft deep was excavated,
filled, and capped in a water depth of approximately
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40 ft, as a trial project in Phase I of the Boston
Harbor Navigation Improvement Project  ENSR,
1997!. Extensive monitoring of the sand cap and
an investigation of its performance in this project
served to emphasize the need for better under-
standing of some critical aspects of capping
process. The lack of adequate knowledge of the
geotechnical properties of the dredged material
was identified as a major issue of concern  SAIC,
1997!.

Figure 1 shows a scheinatic diagram of a
capped CAD cell, A successful capping operation
requires that the underlying material has enough
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Figure 1. Schematic of a capped Confined Aquatic Disposal  CAD!
cell.

shear strength to support the load of the overlying
cap, Since the processes of dredging, transport, and
deposition effectively remold the dredged material,
its strength in the freshly-deposited state in a CAD
cell is lower than its in-situ strength prior to dredg-
ing. With the passage of time, the shear strength of
this material increases. If a cap is placed before it
has developed the strength required to support the
load, the cap will sink through the weak material
and fail. On the other hand, the polluted dredged
material continues to release contaminants into the

water column during the time it stays uncapped.
The cap, therefore, should be placed as soon as the
dredged material is strong enough to support it, but
no sooner. A related issue is the mode of cap place-
ment, i.e., whether the cap is placed in one opera-
tion or in incremental layers. To ascertain the prop-
er cap-placement mode and timing from the prop-
erties of a given dredged material, a methodology
is required that is based on the knowledge of shear
strength development in dredged sediments.

Freshly-deposited dredgings are a fluid-mud
mixture at high water content, with strength char-
acteristics that are known to be markedly different
from those of the compact soils. The undrained
shear strength of these materials can be lower than
1 g/cm' � g/cm' = 98 N/m'!, and hence their clas-
sification as soft sediments.

This paper describes the difficulties in meas-
urement of very low values of shear strength, and
presents sample results obtained with the
Massachusetts Institute of Technology Automated
Fall Cone Device, a technique that enables meas-
urernent of shear strength as low as 0.03 g/cm',

UNDRAINED SHEAR STRENGTH

The bearmg capacity for a sediment foundation
is defined as the mean total stress on its load-bear-

ing surface when this surface is at the point of col-
lapse. A cap is expected to be stable when the
loads imposed by it on the underlying material are
s~ler than the bearing capacity of this material,
In subaqueous capping projects where the underly-
ing dredged material consists mainly of clay frac-
tions, the consolidation time for the underlying
deposit is much greater than the cap loading time.
The situation, therefore, corresponds to undrained
loading and the sediment strength in this case
depends mainly on pre-load conditions,
Furthermore, the cap material is often dispersed on
the dredged sediment  with the use of a split-bot-
tom barge, for example! and does not penetrate the
underlying material. The bearing capacity, q�, in
this case is given as a direct function of the
undrained shear strength of the underlying material;

q�=c�N,

if the undrained shear strength, c� is assumed to be
constant in the underlying deposit. N is a dimen-
sionless bearing capacity factor  Lambe and
Whitman, 1969!.

The actual value of undrained shear strength in
a sediment deposit is a function of both depth and
time. Strength increases with depth, due to increase
in vertical effective stress. The depth profile of
strength changes with time, and this time-related
increase in strength is known to be a complicated
process that depends upon, among other things,
water content as well as the magnitude of effective
stress  Zreik, 1994!. It is acknowledged that two
different mechanisms contribute to the gain in
shear strength of sethments. The first is the consol-
idation-related strength gain, which is the result of
solid particles coming closer as the pore water is
squeezed out of the deposit. The second contribu-
tion comes from thixotropy, which is defined as the
reversible time-dependent increase in strength of
the material occurring under conditions of constant
composition and volume  Mitchell, 1960!.

Notwithstanding a wide range of situations
where the shear strength of soft sediments is an
important parameter, literature concerning this
subject is scant. In comparison, the state-of-art in
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understanding and predicting the strength behavior
in classical soils is quite well developed  Ladd and
Foott, 1974; Sheahan et al., 1996!. The discrepancy
is explained by the difficulties encountered in
measurement of very low values of strength.

MEASUREMENT OF STRENGTH IN SOFT SEDIMENTS

The devices most commonly used for strength
measurements in soils are the shear vane and the

faII cone penetrometer. Both are index tests and are
able to measure shear strength of either undisturbed
or remolded sediments, These tests are simple and
qmck, and can be performed on samples that are
still in the coring tubes or barrels, thus preserving
to a large extent the in situ water content. The low-
est measurable strength for both these devices is in
the range of 1 � 5 g/cm �00-500 N/m2!. A fall cone-
type device is preferred for measurement of shear
strength in soft sediments because a lab vane can-
not measure very low values of strength  <I g/cm2!,
due to the inability to measure very small torques
 Zreik et aL, 2000!. Furtherinore, a fall cone device
can provide a depth resolution of less than 1 cm,
compared to 1.3 to 3.3 cm for the lab shear vane.

A modification of the traditional fall cone

device was developed by Zreik �991! for meas-
urement of soil strength values as low as 0.03
g/cm' � N/m'!. Figure 2 shows a schematic repre-
sentation of the Automated Fall Cone Device

 AFCD!. It essentially consists of a precisely
machined and weighted cone that is initially posi-
tioned such that its tip just touches the sediment
surface. The cone is allowed to fall and penetrate
the sediment sample under its own weight for a
specified amount of time. The soil shear strength is
inversely proportional to the square of the penetra-
tion depth. According to Hansbo �957!, the
undrained shear strength, c�, is given by:

where W is cone weight, d is cone penetration, and
k is a constant depending on the cone shape.
Values of' k for different cone angles are suggested
by Hobby �982!, based on a detailed theoretical
analysis of the motion of a cone penetrating the
horizontal surface of a soil.

The measurement system of AFCD is based on
an AC-DC transducer. The cone is threaded to the
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Figure 2. Schemabc of the Automated Fall Cone Device  AFCD!.

transducer core and this arrangement allows the
measurement of cone displacement as a voltage
output readable on a voltmeter. The release and
clamping of the cone are controlled with an elec-
tronic timer, A pulley with a counterweight system
allows the use of cones with a very small effective
weight, thus enabling measurement of low values
of undrained shear strength.

Remolded shear strength of kaolinite was
measured at dif'ferent water contents. For purpose
of these tests, dry kaolinite powder was mixed with
distilled water and the resulting paste was left to
hydrate for one day. Distilled water was tuiiformly
mixed into this paste to achieve the desired value
of water content. Care was taken to minimize air
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Figure 3. Variation in undrained shear strength of remolded kaolinite
with water content.

entrapment during Inixing.
Six to eight strength measurements were taken

with the AFCD for each value of kaolinite water

content. The average values of tmdrained shear
strength are presented in Figure 3. The error bars
enclose the interval of one standard deviation on

each side of the mean value of the measurements.

The figure also shows the results obtained by Zreik
�994! on the same material, The resulting compar-
ison indicates excellent repeatability of AFCD
measurements.

Strength measurements were also performed on
the sediment retrieved from Reserved Channel in

Boston Harbor, a site that was dredged under the
Boston Harbor Navigation Improvement Program
 BHNIP!. This sediment was homogenized and
characterized prior to testing, Table 1 shows the
remolded shear strength of Reserved Channel sedi-
lnent at three different water contents.

These measurements adequately demonstrate
the reliability of the Automated Fall Cone Device
in measuring very low values of undrained shear
strength of sediments. This capability is the basis
of an experimental research program currently
underway at the MIT Geotechnical Laboratory,
with the objective of understanding the process of
strength development in consolidating dredged
materials. Specifically, it aims to ascertain the
relative contributions of effective stress and

thixotropic strength gain to the total undrained

Table 1. Variation of undramed shear strength of remolded kaolinite
with water content.

shear strength. This understanding will provide the
crucial input for modeling of strength development
in consolidating dredged sediments.
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ABSTRACT: A numerical model has been developed fo simulate near-bed velocities
generated by ships' propulsion. The model incorporates theoretical descriptions of the
geometry and velocity structure in a inomentum jet Field measurement programs have
recently afforded the opportunity to validate the niodel. The inodel is a reliable tool for
estunating the velocity at speciYied distances from the bottom. Its application is suited
for determining potential for sediment suspension, and for design of a stable cap
overlying erodible sediments.

Key words: propwash, CAD, bottom velocity, bottom scour, sediment suspension

INTRODUCTION

THEORETICAL BASIS OF MODEL

Cottesponding anthon telephone: 425-921-1703;
fi: 425-744-1400; email: vtadimir@piengr.corn

Confined Aquatic Disposal  CAD! sites are
often located in open water and are usually sub-
jected to effects of passing deep draft vessels, tugs,
and small craft. Evaluating the hydrodynamic
forces on surface sediment and the sediment cap is
critical to CAD design. Integrity of the sediment
cap is essential to the success of a Confined
Aquatic Disposal site in preventing dispersal of
sediments contained within the CAD. The follow-

ing describes the development and application of a
numerical tool for calculating near-bed velocities
generated by a ship's propulsion and the resulting
potential for scour of bottom sediments.

A numerical model is required to investigate
vessel effects for many applications. The JET-
WASH model was developed to operate with input
of sediment and propulsion characteristics and
water depth, and to output velocity at a given dis-
tance aft of the vessel and radially from the velocity
jet centerline, or at a known distance above the
bottom. Exainple applications of the model are to
evaluate:

~ Potential for vessel operation to harin Inarine
plants, such as eelgrass;

~ Suspension and transport of fine sediments
that would degrade nearshore habitat; and

~ Penetration of a sediment cap that is intended
to isolate the underlying material.

Increasing concerns about sediment quality in
marine industrial areas and habitat preservation for
endangered fish species in Puget Sound
 Washington State! was the impetus for develop-
ment and testing of a Inodel that could quantify
hydrodynainics and sediment transport in the above
listed applications. The writers coded formulas
published in the engineering literature into a calcu-
lation model named JETWASH. Planning and
environmental studies for maintenance activities by
marine carriers provided opportunities to make
field measurements that served to validate the JET-
WASH model.

Researchers have advanced mathematical

descriptions of the velocity field generated by jets
discharging into a fluid body and by propellers
rotating in a fluid. Formulas developed by
Albertson et al. �948!, Liou and Herbich �976!,
Blaauw �978!, Verhey �983!, Fuerher et al.
�987! describe the velocities and geometry of the
turbulent jet as it expands into a volume of water.
The structure of the water velocity is described
mathematically in two zones  Figure 1!. The initial
velocity is calculated Rom details of the propeller
and persists in the zone directly behind the pro-
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Theoretical axis of jet
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peller. The core of initial velocity in this first zone
is unaffected by transfer of fluid momentum to the
surrounding water. Downstream from the first
zone, water velocity is developed through transfer
of momentum from the core of initial velocity to
the surrounding water The edge of the cone of
expanding turbulence in this second zone experi-
ences lower velocity than the centerline, and the
centerline velocity diminishes with increasing dis-
tance from the source,

Figure 1. Geometry of initial velocity zone and momentum jet
formed by the propulsion system.
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Hydrodynamic research shows that the velocity
required to move sediment particles in water
depends on several parameters, Succinct combina-
tions of the pertinent parameters are the Shield's
parameter  a ratio of the threshold boundary shear
stress to the immersed weight of a sediment parti-
cle! and the boundary Reynolds number  a ratio of
inertial forces to viscous forces acting on the parti-
cle comprising the bottom!. Cheng and Chiew
�999! developed relationships between these two
parameters for the case of suspended load. Their
results yield the shear velocity corresponding to the
initiation of suspension of sediment particles hav-
ing a given diameter. Flow causing suspension of
sediment particles initially at rest is termed the
scouring velocity. The flow velocity at a selected
distance above the sediment bed necessary to sus-
pend a given size sediment in the flow is deter-
mined from the critical shear velocity and the
equation for the logarithmic velocity distribution in
a fully turbulent, hydraulically rough boundary
layer  Middleton and Southard 1984, p. 152!.
Modeled or measured velocity can then be com-
pared with the theoretical suspension velocity  in the

absence of sediment concentration measurements!
to determine if the threshold for suspension is
exceeded in the particular conditions.

Research reported by Hamill �988! provides a
means of calculating scour depth in bottom sedi-
ment by a propeller. Empirical relationships devel-
oped by Hamill among initial velocity, propeller tip
clearance above the bottom, duration of exposure
to the propwash, propeller diameter, and sediment
size were formulated to calculate the maximum
scour depth,

A coefficient describes the spread of the
momentum jet in the fluid, or the angle of the edge
of the jet with respect to the centerline. The coeffi-
cient has been evaluated by several researchers
with laboratory and limited field studies. Pacific
International Engineering conducted field data col-
lection to validate the model with measured veloci-

ties and known propulsion characteristics.

Velocities were measmed at the bottom with an

Acoustic Doppler Velocimeter  ADV!, which
relayed data through a cable to a computer aboard
a small survey boat anchored nearby. Figure 2
shows the weighted instrument frame on which is
mounted an ADV, a video camera, and compass.
Figure 3 shows one measurement site marked with
buoys. A Global Position System  GPS! unit was
mounted on board the test boat above the propeller
or jet pump nozzle for recording position. The test
boat position data were time stamped as they were

Figure 2. Velocity meter mounted on frame and suspended horn
boat davit  before deployment on the bottom!.
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DATA PROCESSING

MODEL VERIFICATION

Figure 3. Test area marked with buoys and survey boat at anchor.

recorded on a computer aboard the test boat. The
captain was chrected to move the boat directly over
the velocity meter during the tests. The goal was
to capture the direct flow of the velocity jet as fully
as possible. As a test run began, the start time and
maneuver to be simulated were commtmicated

between the survey boat and the test boat by radio.
Engine rpm was monitored in the wheelhouse of
the test boat and manually entered on the computer
that recorded the GPS signal. The velocity was
measured 25 cm above the bottom. The horizontal

and vertical components of velocity were sampled
at 0.04-second intervals. Velocity data were record-
ed through a cable on the stuvey boat computer,
which was also synchronized with the GPS signal.

The horizontal and vertical components of
measured speed were combined, resulting in a time
series of speed for each test, The peak bottom
velocity is of interest because that is the quantity
that is most critical to determine the potential f' or
scotUing of bottom sediments, The velocities
determined at 0.04-second intervals were converted
to a 1-second-average velocity time series. The
duration of the period of high velocity indicates the
length of time during a particular maneuver that
potential bottom-scouring conditions could persist
if a threshold velocity was exceeded. Synchronous
boat position, engine speed, and bottom velocity
data reveal conditions under which a particular
velocity pattern is generated. One example of a
velocity time series is shown in Figure 4.

Boat and propulsion characteristics and site
conditions were input to the JETWASH model.
Model output is summarized as a graph of velocity
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Figure 4. Measured velocity time series for test vessel.

Figure 5. Predicted bottom velocity for test vessel.

at a distance of 0.83 ft �5 cm! above the bottom
that would be experienced at given distances
behind the boat. The coefficient that describes the
expansion rate of the momentum jet was deter-
mined to be 0.3 using velocity measurements of a
pair of ADVs separated by 12.5 ft �,8 m! mounted
on a vertical. Separate velocity measurements,
made 0.83 ft �5 cm! above the bottom, were used
for model verification. Figure 5 is a graph of sim-
ulated velocities for the conditions represented in
Figure 4. The measured peak near-bottom veloci-
ty indicated in Figure 4 is 1.1 feet per second �3.5
cm per sec!. The simulated peak near-bottom
velocity indicated in Figure 5 is 1,05 feet per sec-
ond �2 cm per sec!, Other runs involving both
propeller- and jet pump-powered vessels were sim-
ulated. The average velocity agreement, expressed
by measured minus modeled as a fraction of
measured velocity, is � 0.1, which is judged to be
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LITERATURE CITED
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good agreement.
The underwater video did not indicate signifi-

cant sediment disturbance, although that provides
only a qualitative evaluation at best of the sediment
suspension calculations. The velocity necessary to
suspend sediment of a given size was calculated as
described above for the test conditions, Results are

listed in the table below. The measured and rnod-

eled velocities do not exceed the velocity for sus-
pension of bottom sediments of the sizes down to
very fine sand. The comparison confirms at least
qualitatively that the simulated velocity magnitude
and the procedure for estimating suspension of bot-
tom sediments by near-bottom velocities generated
by vessel propulsion are correct for this type of
application.

Table 1. Velocity to suspend sediment of given size.

*Reference height is 0.83 ft above bottom
Simulated conditions are Puget Sound water

The JETWASH model has been applied at sev-
eral locations for purposes of design and environ-
mental effects investigations. Example applica-
tions in Puget Sound are:
~ Colman Dock Resuspension Study�

Investigated potential for resuspension of con-
taminated bottom sediments near a ferry dock.

~ Vashon Island Eelgrass Disturbance Study�
Investigated the conditions under which ferry
operations would dislodge eelgrass from the
bottom.

~ Southworth and Kingston Ferry Terminals-
Investigated bottom scour and transport of fine
sediments onto eelgrass beds in the vicinity of
proposed ferry docks.

~ Foss and Hylebos Waterways � Aided in design

of sediment caps to confine contaminated sedi-
ments in a deep-draft waterway.

~ Mukilteo Passenger-Only Ferry � Aided in
selection of vessel for temporary use as ferry
that would not cause disturbance of bottom

sediments.

A numerical model was developed and verified
for simulating the velocity pattern in a jet created
by a ship's propulsion system. A calculation pro-
cedure was developed for determining the thresh-
old size of sediment suspended in a specified flow
field. Observation of the bottom showed the sedi-

ment suspension calculation procedure is acctnate
in predicting sub-threshold conditions. Ftnther
research can confirm the accuracy in scouring
conditions.
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ABSTRACT: Sediment samples were collected from one of the Boston Harbor in-
channel confined aquatic disposal  CAD! cells prior to and after cap placement in order
to evaluate the geotechnical behavior of the dredged materiaL Core and grab samples
were intensively sampled to assess a suite of physical properties that would allow
asstmment of the change in strength of material resulting from both self-weight
consolidation and the overlying load of the sand cap. The data indicated that the in situ
cohesion and strength of the sediment were altered by the dredging p~ resulting in
sediment with high water content and low shear strength. There were no significant
differences in sediment properties following five months of self-weight consolidation,
whereas the most significant change was an increase in shear strength of the dredged
material after capping. In the short-term, results can be used to develop field protocols
to assess sediment strength in future CAD projects; in the long-term the data will be
useful in developing quantitative guidelines for asseming geotechnical "cap-readiness"
of disposed dredged material in a confined environment.

Key words: consolidation, shear strength, CAD, bulk density, core logger, multibeam, Boston
Harbor, MA

INTRODUCTiON

1Corresponding author; telephone: 401-847-4210;
fax: 401-849-1585; email: waiterp@mtg.saic.corn

The Boston Harbor Navigation and
Improvement Project  BHNIP! has provided an
opportunity to evaluate the efficacy of capping
dredged material considered unsuitable for off-
shore disposal in a confined sub-channel environ-
ment. In order to evaluate the critical geotechnical
properties that determine the "cap-readiness" of
dredged material in a confined setting, a series of
surveys were conducted on confined aquatic dis-
posal  CAD! cell M2 in the Mystic River.
Geotechnical cores, grab samples and multibcam

bathymetry were collected during multiple phases
of the project. First, samples were collected from
the Mystic River to representin situ sediment
prior to dredging. Sediment samples were also col-
lected during disposal kom the transport barge.
Finally, samples were collected from cell M2 a!
after deposition of the dredged material; b! prior to
the placement of cap material; and c! after place-
ment of the cap material.

Capping has been used to confine contaminat-
ed sediments in of'fshore envixonments, showing
that lower density fine-grained sediments can suc-
cessfully be covered with higher density sand
 e.g,, SAIC, 1995; Poindexter Rollings, 1990;
Silva et al., 1994!. Einpirical geotechnical data



30 WALTER ET AL.

collected from these capping projects have indicated
that the disposed dredged material had consolidated
sufficiently to a bearing strength capable of main-
taining a capped stratigraphy. However, no quanti-
tative data existed, to provide guidance on how to
determine when sediments have sufficient strength
to be capped, and what geotechnical measurements
were necessary to determine cap-readiness.

Due to the differences in the geotechnical
framework of the in-channel CAD cell and that of

the open-water capped sites, a lack of predictive
data hindered the ability to design the operational
parameters that would optimize capping success,
Hence, early results from the BHNIP showed that
due to the geotechnical nature of the dredged sedi-
ments increased consolidation time and mochfred

operations would be required for successful cap-
ping of a CAD cell. However, the amount time
required to allow the sediments to consolidate to a
state of cap-readiness was essentially unknown.
Through integration of multiple survey techniques
 Le. multibeam bathymetry; subbottom profiling;
geotechnical analysis of sediments; and detailed
knowledge of material placement! and the use of
geographic information system  GIS! tools, a better
perspective of CAD cell dynanucs was gained.

THE BOSTON HARBOR NAVIGATION IMPROVEMENT

PROjECT

A more detailed overview of Boston Harbor

Navigation Improvement Project  BHNIP! and the
geotechnical investigation are included in a surn-
mary report submitted to the U.S. Army Corps of
Engineers  USACE! Waterways Experiment
Station  WES!  SAIC, 2000!, The main ship chan-
nel, three tributary channels  Mystic River, Chelsea
River, and Reserved Channel!, and several termi-
nals and berths in Boston Harbor were deepened as
part of the BHNIP through the spring of 2000
 USACE and Massachusetts Port Authority, 1995!.
The BHNIP was a joint project between the
USACE, New England District  NAE! and the
local sponsor, the Massachusetts Port Authority
 Massport!. The first phase of the project was con-
ducted in the summer of 1997 when Conley
Terminal was dredged  ENSR, 1997!. In the srun-
mer of 1998, the second phase of BHNIP was con-
tracted to Great Lakes Dredge and Dock  GLDD,
Oak Brook, IL!, for the 1998 filling of CAD cells

M4, MS, and M12; the 1999 filling of cells M2 and
Super Cell; and the completion of cells M8-11 and
M19 in Spring 2000. Funding for the Geotechnical
Investigation of CAD cell M2 was provided by the
USACE Monitoring Completed Navigation
Projects  MCNP! program, which supplemented
monitoring efforts sponsored by NAE and
Massport.

GEOTECHNICAL INVESTIGATIONS OF CAD CELL M2

Following the experience from the first three
CAD cells constructed during Phase 2, several
operational changes were made to the capping
process, including increasing the time allowed for
consolidation. In addition, a plan was devised for
additional studies to be conducted on a typical in-
channel CAD cell. To this end, the serhrnents being
placed in CAD Cell M2 were sampled and evaluat-
ed for engineering properties during several phases.
Samples were collected prior to dredging  in Situ
Survey!, during transport  Barge Sampling!, imme-
diately after placement in the CAD cell  Tp
Survey!, immediately prior to capping  Tl Precap
Survey!, and after capping  Postcap Survey!. This
paper will primarily address CAD Cell M2 and the
behavior of the material at the various stages of the
geotechnical investigation.

Several factors challenged the conventional
wisdom related to capping dredged sediments.
First, the material disposed in the CAD cells con-
tained high volumes of pore water, Second, the
BHNIP CAD cells were dredged in a lithology
called Boston Blue Clay  BBC! which is highly
cohesive and impermeable. Geotechnical studies
conducted at open water disposal sites have shown
that dredged material deposited on the seafloor
goes through a stage of self-weight consolidation,
and then is further compressed by successive layers
of cap material placed on top of it  e.g., Poindexter
Rollings, 1990; Silva et a/., 1994!. In the case of
the BHNlP CAD cells, sequential bathymetric sru-
veys showed an initial phase of rapid
consolidation. But after the initial height change,
further consolidation was restricted by a lack of
ability for side and bottom advective flow  escape!
of pore water due to the nature of the BBC in
which the CAD cell existed. Thus, timing of con-
solidation was an issue, as well as provi<Hng quan-
titative data that could be used in other projects to
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indicate when the sediments would be ready to
accept cap material.

CHRONOLOGY OF THE GEOTECHNICAL

INVESTIGATIONS

In June 1999, samples were collected from the
Mystic River to represent in situ sediment prior to
dredging. Sediment samples were also collected
during disposal from the transport barge. Finally,
samples were collected from cell M2 a! after depo-
sition of the dredged material, June 1999; b! prior
to the placement of cap material, October 1999;
and c! after placement of the cap material
December 1999.

SAMPLE COLLECTION AND PROCESSING

The in situ  Mystic River, MR!, To and TI sur'-
veys included gravity cores and sediment grab
samples, collected by SAIC  Newport, RI!.
Twenty-foot vibracores were collected by GLDD
and Ocean Surveys, Inc.  OSI! in support of the
Postcap survey and delivered to SAIC for postpro-
cessing, Laboratory processing included the use of
a Multi-Sensor Track  MST! core logger at the
University of Rhode Island's Graduate School of
Oceanography  GSO!. The core laboratory was
used to log the whole cores collected as part of the
MR, To, TI and Postcap surveys. The same core
logging procedure was used for all core surveys.
Measured parameters included density, magnetic
susceptibility, and P-wave velocity. Additional
information on the individual MST measurements
can be found on the Internet at the following
address:

http: //www.odp.tamu.edu/publications/tnotes/tn26
 Blum, 1997; Physical Properties Handbook,
Ocean Drilling Program Technical Note 26, Texas
ARM University!. After logging, all cores were
split, visually described, and digitally phtographed.
Sediment sub-samples were collected by SAIC
technicians and sent to Applied Marine Science,
Inc.  AMS! in League City, Texas. Samples were
collected from both the cores and grabs and ana-
lyzed for physical property measurements, including
wet bulk density  EM 1110-2-1906!, water content

 ASTM D2216!, grain size  ASTM D422!, specific
gravity  ASTM D854!, and Atterberg limits
 ASTM D4318 wet multipoint procedure!.
Geotechnical technicians at GSO's Marine

Geornechanics Laboratory  MGL! conducted shear
strength analyses on split cores. The MGL also
conducted consolidation and permeability analyses
not reported here.

RESULTs AND DIscmssION

SEDIMENT PROPERTIES OF THE MYSTIC RIVER AS
COMPARED To DREDGED SEDIMENTS

The sediments collected from the Mystic River
 MR! near the area that was dredged consisted pri-
marily of very dark gray to black silty clay, with a
minor amount of sand  �0%!. The sediments dis-
played high water content, ranging from 82-212%
 average 143%!. The material commonly had a
"bubbly" appearance, consistent with the lack of P-
wave data, suggesting the presence of gas
 methane! within the upper sediments. Log data
showed that the sediments did have internal strati-
graphic structure.

One of the goals of the geotechnical investiga-
tions was to evaluate how the process of dredging
changes the engineering characteristics of sedi-
ments. Hydraulic dredging has been found to
remold the sediment, thereby changing the geot-
echnical properties from the original in situ values
 Poindexter Rollings 1990!. Although the BHNIP
dredged ~rial was removed using mechanical
methods  closed clamshell!, the dredging process
appeared to have altered the sediment's inherent
strength characteristics. Atterberg limits data for
the MR sediments, along with data from the barge,
To, TI and Postcap surveys, were compiled into
Casagrande's plasticity chart that shows the rela-
tionship between the liquid limit and plasticity
index relative to standard soil classifications
 Figure 1!. The plasticity chart provides an indica-
tion of the physical state of saturated sediment,
ranging &om plastic to liquid states as a function
of the natural water content.

Most of the samples collected from this project
represent inorganic clays of high plasticity.
However, the samples collected from the MR cores
displayed liquid limit values  LL! of 	00% and
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Figure 1. Plasticity chart for five survey stages, showing the Atterberg
limit data relative to the "A-line" soil classifications.

plasticity index  PI! values of 
0, while almost all
of the samples collected from both the barge and
cell M2 were less than 100% LL and 50% PI

 Figure 1!. All barge samples fell in the range of
the cell M2 survey data and outside of the range of
MR Atterberg limits.

The decrease in liquid limits of the MR sedi-
ments after «hedging  barge samples! may be
indicative of a! «hfferences in the sednnents

dredged versus those closely adjacent that were
sampled for the determination of in situ conditions;
or b! loss of some fine-grained sediment during the
dredging process. Because the water content was
relatively unchanged, the reduction in bearing
strength  PI! may be the result of a disturbance of
the fabric of the in si tu se«hment during dredging.
Shear strength data were consistent with this obser-
vation: the shear strength of the upper 50 cm of
cores between the MR and To surveys decreased
from an average of 1.8 kPa to 0,4 kPa  excluding
all data from BBC!.

Other than a change in Atterberg liinits and
shear strength, there were no other statistically sig-
nificant changes in physical properties between the
MR and the To surveys. The average grain-size dis-
tribution was almost identical between the two sur-

veys, Within each core, water content tended to
decrease with depth; however data showed high
variability, especially for the MR sediments,
Because of the dependence of water content with
depth in the cores, the average water content was
compared for the upper 50 cm of cores collected
during MR and To surveys. The average water con-
tent for the upper 50 cm of the MR and T«I survey
cores was essentially identical �52%, 148%,
respectively!. The water corttertt of the grab samples

100 150 2@i 250
lhhter Content <Q

Figure 2. Liquid limit vs. water content for Mystic River and M2
sediments.

 sediment-water interface to a penetration depth of
25 cm! was higher, but still similar for the two
surveys �82%, 209%, respectively!.

If the natural water content of sediment is

above or close to the liquid limit, the sediinent may
exhibit "sensitive" characteristics, which suggests
that the sediment will lose strength when disturbed.
Discrete water content measurements were com-

pared with the liquid limit data collected at the
same depth intervals for the individual surveys
 Figure 2!. The number of paired water content/
liquid limit samples was limited, but the data do
suggest that the MR sediments, both before and
after being dredged, had low bearing strength and
potentially would not be reachly capped. Nearly
one meter of sand was present above the dredged
material in most of the postcap cores, suggesting
that there are other factors that may be important in
determining the potential for a cap to be placed on
sediments,

SHEAR STRENGTH ANALYSIS

One of the major elements that controls the
construction of a successful cap is that the shear
stress along the interface between the cap and
underlying sediments must not exceed the strength
of the dredged material  Bokuniewicz and Liu,
1981!. Shear strength is the maximum force that
can be mobilized within a soil inass to resist shear

deformation. Shear strength increases in consoli-
dated sediment, and generally increases with depth
in the sediment. Lengthening the time allowed for
consolidation of the dredged material prior to cap-
ping should theoretically increase the shear
strength of the sediment. The strength of the
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deposit will further increase under the weight of an
overburden, i.e., the cap. Because of the iinportance
of the strength element in the assessment of the
engineering properties of the dredged material,
shear strength of the cored sediments recovered in
different stages of the geotechnical investigations
was evaluated more closely.

Shear strength measurements were plotted as a
function of depth in the sediinent cores for To, TI
and Postcap surveys. Shear strength values from
BBC and sand cap were excluded from this analy-
sis. The data showed a rapid increase of shear
strength in the upper 1 meter of the cores for the
To and TI surveys. Part of this increase may be an
artifact of coring, as the sediment consolidates
more rapidly in the core liner and an increase in
strength of the sediments at the bottom of the core
is expected.

Most notable was the increase of shear strength
in the sediments inunediately below the cap. In
fact, the shear strengths are higher in the top meter
as compared to the sediments deeper in the postcap
cores, suggesting that the placement of the cap
caused the surface sediments to consolidate, but

the deposit has not reached equilibrium relative to
a standard strength profile. The sediinents in the
upper meter of both the To and TI surveys had low
shear strengths of  I kPa, indicating very low
strength in all of the precap sediments.

In order to statistically evaluate the shear
strength data from different survey stages, data
from the upper 100 cm of each core were corn-
piled, excluding samples from BBC and sand cap.
Samples from the upper meter of fine-grained seih-
ment below the cap were evaluated for the postcap
data. The shear strength decreased from the Mystic
River  MR! sediments to being placed in cell M2.
Both the To and TI sediments had very similar
shear strength properties, and increased with place-
ment of the cap to values more sinular to the MR
segments. These data would suggest that the cap-
ping process itself was much more effective in
increasing the bearing strength of the sediments as
compared to self-weight consolidation. There were
outliers in the data for the To and TI stages indica-
tive of increased heterogeneity of the precapped
sediments. The very low shear strength of these
sediments increases the uncertainty of the actual
bearing strength. Although the viscometer used for
the soft material had a very high sensitivity �.03

kPa!, some caution is warranted about evaluating
the strength characteristics of this material, espe-
cially between the two precap surveys. The coring
process can also serve to alter the in situ shear
strength,

DIAGNOSTIC MEASURHviENTS TO DETERMINE

CAP READINESS

One of the goals of this study was to determine
the material properties that would allow predictive
modeling of consolidation and secbment strength to
be used in future projects. The cap at cell M2 was
composed of up to a meter of tan to gray and black
sand overlying the dredged material in five of six
cores collected. The homogeneity of the sand was
apparent in the bulk density log data, showing the
higher bulk density of the sand cap  approximately
2.0 g/cc! overlying the dredged material  approxi-
Inately 1.5 g/cc; Figure 3!. The log data showed an
increase of bulk density with depth in the sedi-
ments below the cap, suggestive of a normal pat-
tern of consolidation. The one exception was core
M2-4, which had no evidence of sand throughout
the entire core. The physical paraineters of this
core were extremely uniform all the way down the
core, including no apparent increase of bulk densi-
ty to the bottom of the core  Figure 3!.

The geotechnical data collected during the var-
ious stages of the cell M2 project challenged the
typical process of evaluating capping effectiveness.
First, the only clear diagnostic change of properties
between the T< and TI surveys was in the water
content of the surface sediments. The average
water content of the surface sediment as collected

by the grab samples decreased between the two
surveys, from 209% to 165%. The average water
content in the upper 50 cm of the cores collected
during the two surveys was similar, at approxi-
mately 100%. Comparing the core and grab sample
data suggests that changes in the upper sediment
column may be the most important to verify when
evaluating cap-readiness. The water content data
support the field observations conducted by GLDD
and the visual description of To and TI cores.

Other than the water content of the surface

grabs, no clear, statistically significant changes in
the physical parameters measured would suggest
the CAD sediments were ready to be capped, and
yet most of the sediments in this cell were success-
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Figttre 3, Logged bun: density data &om selected postcap cores.

fully covered with relatively clean cap material.
The presence of the single core with no sand sug-
gests that the mechanisms of settlement and stability
of the dredged material and cap deposit is more
complex than implied by an evaluation of segment
properties.

After cap deposition at cell M2, the sediments
consolidated more rapidly than under self-weight
conditions, as shown by the lack of topographic
change in the multibearn bathyinetry with the
increase in cell material volume due to cap place-
ment. The increase of shear strength of the fine-
grained sediments below the cap was consistent
with consolidation models that predict rapid con-
solidation of sediments under loaded conditions

 e.g., Silva et al,, 1994; Poindexter Rollings 1990!,
The process of consolidation requires an expulsion
of pore water that may cause layers to deform, In
the case of the BHNIP, and the impermeability of
BBC, the expelled pore water was restricted to
movement up through the cap, The recovery of
core M2-4 with no sand suggests that pore water
expulsion, and the resulting release of excess pore
pressure, was potentially focused in destabilized
areas of the cap, When mud is overpressured in
areas with rapid sedimentation  l.e., deltas!, struc-
tures called diapirs can form as "mud vents"
through overlying sediments that serve to reduce
excess pore pressure. This diapiric process has
been suggested as a mechanism for the presence of
fine-grained sediments that were above the caps in

the earlier cells  SAIC, 1999!. Subbottom data col-
lected from cell M2 showed potential diapir-like
structures through the cap. Additionally, the
presence of these diapirs is confirmed by the phys-
ical properties displayed in core M2-4, which
showed that the sediinent physical properties were
relatively constant with depth.

Thus, the ability to predict and evaluate the
efficacy of capping in a confined environment
depends not only on accurate geotechnical meas-
urements of the dredged and cap material, but also
requires thorough understanding of the geotechni-
cal framework of the disposal site. In the case of
the BHNIP, the cells were constructed in essentially
impermeable BBC, providing potentially the most
important variable for capping success. The BBC
walls and base of the containment cells did not

accept the extruded pore waters that may have
been readily accepted by a inore porous material
 i,e. sand, gravel!. As a result, the expulsion of
pore water was restricted to upward flow into the
sand cap. The downward force exerted by the sand
cap pressurized the underlying, fluidized dredged
material. Diapir formation occurred when the
upward pressure of the dredged material pore water
exceeded the shear strength of the sand cap,
allowing a surface vent to form.

From an operational viewpoint, the increase in
consolidation time empirically iinproved the level
of success of capping, although no quantitative
relationship could be found to verify this except for
the decrease in water content of the surface grabs
between the two precap surveys. Shear strength
measurements provided the clearest indication of
the increased "cappability" of the sediments,
although this increase only occurred after cap
material was placed.

In the broader view, evaluation of the relative

success of a capping project needs to be measured
against the overall environmental goals of a project.
In the case of the BHMP, the sand cap in cell M2
was determined to be provichng a practical physical
barrier above the majority of the underlying
dredged sediments. If additional protection was
required for a project, a phased capping approach
should be considered, as the process of capping
serves as the best mechanism to stabilize the
underlying sediments.
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ABSTRACT: Analysis of core samples is commonly used to evaluate conttunirumt
transport from capped sediments. This paper evaluates the effectiveness of the core
analysis technique as an indicator of metal rdease and capping efnciency. Six columns
were set up in the laboratory to simulate metal release from capped contammated
sediment under conditions of submarine groundwater discharge. Metal concentration
gradients in capped sediment or capping material were not statistically different from
zero for all the core samples collected from the columns. Results indicate that inetal
concentration gradients in the sediinent or capping material may not be good indicators
of metal transport under conditions of advective flow.

Key words: sediment, capping, cote analysis, metals

INTRODUCTION
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Monitoring capping stability and retardation
of contaminants after capping operations is very
nnportant to insure isolation of contaminants from
aquatic environments. Core analysis commonly
has been used in the field to evaluate capping effi-
ciency and stability based on visual inspection and
chemical analysis of sectioned segments. A num-
ber of studies on the stability of capped dredged
material report a distinct interface between the
capping material and the contaminated segment.
This has led to an assessment of good stability and
efficiency in retarding contaminants based on con-
taminant distribution in the core or bulk sediment

 see Table 1 for a summary of selected field cap-
ping efficiency studies!. Results of core analysis
have been used to determine chemical gradients as
indicators of chemical transport  Fredette et al.,

1992!, to analyze cheinical concentration change
over time  Brannon et al., 1990!, and to compare
contaminant concentrations in the capping material
and sediment to the original material, reference
areas, or regional areas  Murray, 1994!. Most
studies using core analysis assume that measurable
chemical gradients of contaminant concentrations
are effective indicators of chemical migration. This
is based upon the hypothesis that molecular diffu-
sion is the major transport mechanism in the sedi-
ment. However, advection caused by tides, storms,
consolidation, bioturbation, anthropogenic activi-
ties and Submarine Groundwater Discharge  SGD!
into the cap is always possible, and would result in
much faster contaminant transport  USEPA, 199S!.
In the cases where advective flow dominates, con-
centration gradient is less likely to occur,

The objective of this study was to evaluate the
core analysis technique in detecting metal release
and capping efficiency under conditions of contin-
uous advective flow. Metals including Ni, Cr, Cu,
Zn, Mo, Cd, Pb, and Mn were studied.



coRE ANALYsIs 37

Table 1. A summary of selected field capping efficiency studies.
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Table 2. A general pmfile of the experimental conditions.

Ave. Total
Flow Vol.
Rate  ml!

 ml/hr!

pH of Pom
Gmund- Vol.
water  ml!

Depth
of

Sedi-
inent
 cm!

Over-
lying
Water
Depth
 cm!

Total
Run-
mllg
Tiine
 Days!

The experiment was designed to observe metal
fluxes in relation to metal distribution in the core

samples under difl'erent conditions of continuous
advective flow. Details of the experiment are pre-
sented by the authors in Liu et aL �001a, b!.
Basically, six columns were set up to model the
following conditions; a control column, with De-
Ionized  DI! water as simulated groundwater
 DIWater!; with acidified groundwater  Acirhfred!;
with increased sediment depth  Increased-Depth!;
with increased flow rate  High-flow!; and with
acidified groundwater, increased sediment depth,
and increased flow rate  Combination!.  See Table
2 for a general profile of the experimental
conditions!.

After equilibration, SGD flow was initiated
and effluent water samples were collected. The
water samples were filtered prior to analysis for
dissolved metal concentrations. Three cores were

collected from each colmnn at the end of the exper-
iment. One core from each column was sectioned

at 1-cm interval, microwave digested, and
analyzed.
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0.03
6 1639198 1.5 5

13536
0,06

57 23 5 3 1639

30564
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7 2096118 3 8.2

293380.28

24.57'
0.65
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flow 7 161955 25 5

541 2.7 8.2
Combine
-tion 3 2057

1. Data of only 19 days are used because the flow rate dramatically
decreased aftra 19 days;
2. The number following a gives tbe standard error.

DiscvssioN

Under conditions of SGD, metals will be trans-

ported from contaminated sediment to the overlying
water by the bulk flow. Thus, unless the groundwater
flow is extremely slow, no significant concentration

METHODS AND MATHRTArS
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*: Time  Day!;
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gradient in the pore water would be expected after
contaminant breakthrough. Under conditions of
simulated groundwater inflow, the results suggest
that there was no significant metal concentration
gradient in the capping material. However, metal
fluxes to the overlying water were significantly
greater than zero and could potentially exert eco-
logical effects. For selected metals, the estimated
molecular diffusion fluxes based upon concentra-
tion gradient in the capping material were much
smaller than the measured fluxes  Table 3!. In
addition, Figure 1 suggests that metal fluxes
changed during the course of the experiment. High
initial fluxes occurred from capped sediment in
both the presence and absence of simulated
groundwater discharge, which might have been
caused by consolidation  Liu et al., 2001a!. Metal
concentration gradients in core samples collected at
specific times are unable to detect flux changes
through time. Results from the experiment suggest
that metal concentration gradients in the capping
material may not be a good indicator of metal
transport under conditions of groundwater inflow.

In most cases, metal concentrations in the con-

taminated sediment were not significantly chfferent
from the original concentrations in the sediment.
This suggests that changes in metal concentration
may not be a good indicator of metal loss. An esti-
mate of detectable loss &om sediment would be

80, 400, 600, 700, 10, 3.5, 100, 500 nunol for Ni,
Cr, Cu, Zn, Mo, Cd, Pb, and Mn, respectively
using the current sediment analysis technique.
Figure 1 shows that cumulative metal release is
much less than the detectable loss from sediment

analysis. Although significant metal loss was
detected for Cr and Zn for the Acidified core,
metal release from the coltmln was not as high as
would be expected from sediment loss. Adsorption
capacity of capping material played an essential
role in these cases. Thus, decreases in metal con-
centrations in sediment do not necessarily indicate
a high release of metals.
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ABSTRACT: During the 1990s, the Port of Portland, Oregon, disposed of dredged
material in five capped aquatic disposal  CAD! cells within Ross Island Lagoon, an
active aggregate mining facility in the Willamette River at Portland, Oregon. The cells
contain between a few thousand and nearly 100,000 cubic yards of contaminated
sediments. Regulatory and public interest led the Port to evaluate the cells in late 1999
and early 2000 to address questions of human and environmental health and safety. The
investigation focused on establishing fundamental physical, chemical, and biological
parameters for the CAD cells. In addition, potential human health and environmental
exposure pathways were carefully modeled to evaluate risk. Several innovative
investigation techniques, including deployment of flux chambers and in-water
piezometers, were euiployed to evaluate conttunuumt mobility.

Results of the site investigation were made public in nod-2000. Conclusions indicate that
the CAD cells are functiouing as expected and are safe, excepting a slope stability issue
unrelated to the Port disposals. This presentation provides an overview of the
engineering attributes of the five CAD cells, the innovative investigation techniques, and
conclusions as to human health and environmental risks. These observations may have
applicabiTity to engineering design, construction, and nionitoring of CAD sites in other
regions

Key words: sediment assessment, CAD, capping, Ross Island Lagoon, Portland, OR

BACKGROUND AND INVESTIGATION ELEMENTS

DISPOSAL OF PORT DREDGED MATERIAL

In five events between 1992 and 1998, the

Port transported approximately 160,000 cy of

Ross Island Lagoon is situated in the
Willamettc River at Portland, Oregon, The lagoon
was created in the late 1920s, when Ross and
Hardtack Islands were joined with an earthen dike
that closed a former channel in the Willamette

River. The lagoon is mined for sand and gravel
by Ross Island Sand and Gravel  RIS&G!, the
owner and operator. Pursuant to an approved
reclamation plan, portions of the mining area are
being reclaimed by RIS& 6 with fill material.
Since 1982, more than 6 million cubic yards  cy!
of fill from multiple sources have been placed at
the site as part of upland and in-water reclamation,
including 160,000 cy of Port of Portland  Port!
dredged material placed in capped aquatic disposal

Corresponding author, telephone:. 206-273-7555;
fax: 206-273-7805; email: pspadaro@bbl-inc.corn
Current address: Blasland, Bouck dt Lee, Inc., 1100 Dexter Avenue

North, Seattle, WA 98109

 CAD! cells.
In the fall of 1997, increased public awareness

of disposal practices at the RIS&G facility
prompted the Governor's Office to request an
environmental investigation of the site. In
response, the Port implemented the current investi-
gation to evaluate environmental quality issues
related to the Port confined dredged material. In
this discussion, Port dredged material refers to the
material before it was placed in the containment
cells; Port confined dredged material refers to the
material after it was placed in the containment
cells; and non-Port fiII refers to fill material from

sources other than the Port.
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dredged material derived from maintenance and
remedial dredging to Ross Island Lagoon for per-
mitted confined disposal. Under contract with the
Port, RISING accepted, placed, and capped the
Port's dredged material in five in-water contain-
ment cells located in the reclamation area at south-

ern end of the lagoon. CeHs 1 through 4 were cre-
ated by excavating older, non-Port fill or other
materials using clamshell dredge mining methods.
Cell 5 was created using an existing depression in
non-Port fill. FoHowing disposal of the Port's
dredged material from either a bottom-dump barge
or tremie tube, each cell was capped with a confin-
ing layer of fine-grained material derived from on-
site sand and gravel washing and processing.
Individual disposal volumes ranged from about
3,200 cy to about 95,000 cy. The Port dredged
material typically consisted of fine-grained sand
and silt.

Placement of the Port dredged material was
reviewed by and conducted with the approval of
state and federal authorities, including the U.S.
Environmental Protection Agency  EPA!, the U.S.
Army Corp of Engineers  Corps!, and the Oregon
Department of Environmental Quality  DEQ!. The
cell caps were placed to physically cover the Port
dredged material, and the Port and permitting
agencies expected that subsequent in-water recla-
mation fiHing above the caps would further isolate
the Port confined dredged material.

FIELD STUDIES AND LABORATORY TESTING

For the current investigation, the Port conduct-
ed an extensive field exploration program to collect
groundwater, surface water, and sediment samples
characterizing the ambient physical and environ-
mental conditions at Ross Island. Nearly 2,500 feet
of drilling were completed in the lagoon and
upland locations so that subsurface sediment, soil,
and groundwater conditions could be observed.
Over 500 samples were obtained for visual obser-
vation, physical properties testing, and chemical
analyses. Selected lagoon borings were converted
to piezometers, and upland borings were converted
to groundwater monitoring wells for water quality
sampling and evaluation of groundwater flow and
gradients. Groundwater was also sampled from
flux chamber seepage meters deployed at the
lagoon mu<Hine above three of the disposal cells.

In addition, samples of lagoon surface sediment
were collected for physical, chemical, and biological
testing. Surface water samples were also collected
from Ross Island Lagoon and the WiHamette River.
In aH, nearly 90 samples of soil, sediment, and
groundwater were submitted for laboratory chemical
analysis.

YE~CAL ANALYSES AND MODELING STUDIES

Results from field exploration and laboratory
testing yielded data for several technical analyses
that evaluated the potential for chemical con-
stituents in Port confined dredged material to be
released to the environment. These analyses
included:

~ Groundwater flow and gradient characterization;
~ Contaminant mobility  groundwater fate and

transport modeling!;
~ Geotechnical stability modeling;
~ Sediment quality characterization;
~ Lagoon bathymetry analysis  past, present, and

future conditions!; and
~ Disposal processes  particulate and dissolved

masses released to the water column!,
Several of these analyses involved the use of

computer models to simulate groundwater flow and
contaminant transport, slope stability, and disposal
processes. Key conclusions of these analyses are
presented below as they relate to potential contann-
nant migration pathways froin the Port confined
dredged material.

CONCEFrUAL SITE MODEI.

The conceptual site model considered several
elements to characterize the site and Port confined
dredged material:
~ The physical and hydrogeological setting of

Ross Island and the containment cells;
~ The distribution of chemical constituents in

Ross Island Lagoon; and
~ Human and ecological receptors.

PHYsicAL SETTING

The lagoon is enclosed except for an approxi-
mately 500-foot-wide outlet to Holgate Slough on
the northeast side. Upland areas of Ross and
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Hardtack Islands are generally tree covered,
excepting the area of the RISING materials process-
ing plant. Ongoing dredging by RISING has
expanded the lagoon to an area of about 140 acres,
with mining currently focused in the central and
northern areas of the lagoon. In-water reclamation
filling at the southern end of the lagoon has created
a relatively shallow bench with a water depth of
about 20 feet. The remainder of the lagoon ranges
up to about 130 feet in depth. The narrow entrance
and limited surface water exchange with the river
tend to minimize circulation within the lagoon.

Because of its location, Ross Island Lagoon is
affected by the hydraulic characteristics of the
Willamette River. Daily tidal variations produce
river elevation changes of about 1 to 3 feet near
Ross Island. Seasonal flooding can cause short-
term water level changes of 10 feet or more.
Upstream storage reservoirs in the Wiliamette
Basin stabilize flows during flood-prone winter
months and dry summer months. Although flood-
ing has historically overtopped upland areas at
Ross Island, there is no indication that flooding has
promoted, or will promote in the future, erosion
that would threaten the integrity of the containment
cells.

SrrE HYDRoGEoLoGIcAL SEITING

Fill of various origins and unconsolidated allu-
vial sands and gravels overlie older cemented sedi-
mentary rocks of the Troutdale Formation in the
vicinity of Ross Island. The containment cells were
capped with fine sands and silts from on-site sand
and gravel processing, and additional non-Port fili
was placed over the capping materials. The Port
confined dredged material and non-Port fill, which
are generally fine-grained and visually similar,
were identified with the aid of survey data gathered
before and after the dredged material and capping
materials were placed,

Groundwater piezorneters were installed in
Port confined dredge material in four of the con-
tainment cells, and deeper piezometers were
installed in native alluvium beneath two of the

cells. Permanent groundwater well clusters were
established at three upland locations. During
drilling, groundwater was continuously encoun-
tered from the lagoon mudline down to the
Troutdale Formation. In the upland wells,

groundwater was present from about 10 to 20 feet
below ground surface down to the Troutdale
Formation.

Groundwater elevation data obtained from the

piezometers and wells during a tidal study showed
that an upward vertical groundwater gradient is
present from the Troutdale Formation and native
alluvium into lagoon fill materials and the surface
waters of Ross Island Lagoon. Groundwater seep-
age rates into the lagoon are relatively low because
of small differences in groundwater elevations
between the lagoon and underlying groundwater.

SEDIMENT CHEMisTRv

Surface sediment chemistry results indicated
that the chemical quality of the lagoon is good rel-
ative to applicable risk-based sediment quality
screening criteria. Although chemical concentra-
tions exceeded screening criteria in localized areas,
there is no indication of widespread contamination.
Constituents that exceeded criteria  e.g., PCBs,
mercury! are routinely found in industrial areas and
are not unique to the Port confined dredged material.
Subsurface chemical concentrations in samples of
Port confined dredged material were comparable
to, or slightly lower than, average concentrations of
the saine constituents in historical pre-dredge sam-
ples. These results made it possible to readily dis-
tinguish Port confined dredged material from non-
Port fill and overlying capping materials.

POTENTIAL HUMAN AND ECOLOGICAL RECEPI'ORS

Ecological surveys reveal significant diversity
of wildlife and vegetation in upland areas. The ter-
restrial environment provides nesting habitat for
ecologically important bird species such as Great
Blue Herons and American Bald Eagles. In con-
trast, the abundance of benthic organisms and non-
migratory fish species in Ross Island Lagoon is
low, with corresponihngly linnted habitat quality as
compared to other freshwater environments. This
finding is consistent with the active industrial
nature of Ross Island Lagoon. Although Ross
Island Lagoon is identified as critical habitat for
Chinook salmon and other salmonids listed as

threatened or endangered under federal and state
designations, migratory salmonid species present in
the lagoon during surveys conducted in 1999
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represent a small fraction of the total population in
the lower Willamette River system, Moreover,
exposure time for anadromous species is likely to
be limited in duration.

Beneficial use surveys verified that established
industrial, coinmercial, and residential land uses
near Ross Island are likely to continue.
Recreational uses in the vicinity include wildlife
viewing, hiking, boating, fishing, and other water-
dependent activities. Although not encouraged,
soine recreational use of the lagoon and uplands
will likely continue. Groundwater and surface
water are not currently used for drinking and are
not likely to be in the future.

CoNTAlvIINANr TRANSPORT PATHwAYs

Three general containiiiant transport pathways
were identified for the Port confined dredged material:
~ Groundwater transport of chemical constituents

from the contaimnent cells to surface water or

groundwater;
~ Physical disturbance of the containment cells

from natural erosion or human influence; and
~ Particulate and dissolved mass dispersal to the

water column during placement of the Port
dredged material.

GROUNDWATER TRANSPORT FROM CONTAINMENT
CELLs

This pathway is associated with the potential
migration of chemical constituents from the con-
tainment cells via groundwater. The surface water
of Ross Island Lagoon is a potential receptor.
Upward groundwater flow directions indicate that
transport pathways to deeper groundwater and the
Willarnette River are not present.

As recoimnended by the Corps for freshwater
environments, Sequential Batch Leaching Tests
 SBLTs! were performed to evaluate the potential
for chemical constituents in the Port confined

dredged material to leach into containment cell
pore water. Data from the SBLTs and the piezometer
groundwater samples were employed fo simulate
groundwater transport and contaminant migration
using the MODFLOW and MT3DMS computer
codes.

Predicted post-reclamation concentrations of
chemical constituents in groundwater discharging

from Port confined dredge material to the lagoon
are below screening criteria, with limited excep-
tions for arsenic and lead. At two cells, arsenic
concentrations in groundwater are predicted to
exceed regional background levels for surface
water in the Willamette Basin over 100 to 1,000
years. However, conservative modeling assump-
tions likely overestimate the predicted concentra-
tions, which are in any case below risk-based
screening criteria in recent EPA Region 6 guidance
regarding fish consumption by humans. Further,
locally higher arsenic concentrations may result
from naturally occurring minerals.

PHYSICAL DISTURBANCE TO CONTAINMENT CELLS

Potential physical disturbances include human
activities and natural causes such as river flooding
that could affect the integrity of the in-water con-
tainment cells, caps, or non-Port fill adjacent to the
cells. Slope stability issues arose from mining by
RISING between 1992 and 1998 that removed

material providing lateral support to three cells.
Slope stability issues were evaluated using the
SLOPE/W geotechnical coinputer model to simu-
late current and post-reclamation conditions.
SLOPE/W, a standard engineering code, calculates
a factor of safety for potential failure surfaces and
has particular application to underwater structures.

Modeling results indicated that the potential
exists for deep-seated slope failures along the edge
of the fill bench at the southern end of the lagoon
that could disturb three containment cells. Such

disturbance could result in the exposure and resus-
pension of Port confined dredged material.
Potential slope failure risk is greater under seismic
loading. In addition, geotechnical modeling and
upland drilling indicated that the «hke area is not
susceptible to erosion or breaching from flooding,
and the dike is expected to be stable under static
and seisinic loading.

PARTICULATE AND DISSOLVED CONSTITUENTS
DLR ERSED DURINr. DISPOSAL

During the placement of Port dredged material,
a small percentage of particulate material was dis-
persed beyond the disposal and capping areas as
the Port dredged material fell through the water
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column, The expected mass was estiinated for each
disposal using the Short-Term Fate of Dredged
Material Disposal in Open Water  STFATE! com-
puter program. Chemical constituents were also
present in pore water released to the lagoon as the
Port dredged material fell through the water col-
umn and then settled in the containment cells.

Laboratory consolidation modeling was used to
estimate the volume of pore water expelled as the
Port dredged material accumulated.

Short-term impacts to water quality during
dredged material placement were of limited dura-
tion, and permitted, subject to monitoring and best
management practices. Port disposal events com-
pleted using bottom-dump barges dispersed about
5 percent of the total mass of dredged material
beyond the cell boimdary. For disposal using a
trernie pipe, less than 1 percent of the material was
dispersed outside the cap boundaries. These disper-
sal predictions may overestimate the case, however,
because the calculated capping areas were conserv-
atively small as they were defined using bathymet-
ric measurements, rather than model predictions.

Particulate material dispersed beyond the cell
capping boundaries has been buried by 2 feet or
more of subsequent non-Port fill, excepting in one
limited area where bathymetric data indicate that
dispersed material could remain within the top 1 to
2 feet below the existing lagoon mudline. Although
several surface sediment samples from that liinited
area failed bioassay testing, elevated pH and
ammonia unrelated to the Port confined dredged
material may be the cause. In any case, the poten-
tial contribution of constituents in the dispersed
particulates from Port dredged material could not
account for observed bioassay testing failures.

As occurs at all CAD sites, pore water was
released during disposal as Port dredged material
fell through the water column and consolidated
within the containment cells. Recent water quality
data do not indicate any water quality impacts or
risks to surface waters of the lagoon from this
potential pathway.

No current or future unacceptable human
health or environmental risks related to groundwa-
ter transport of chemical constituents in Port con-
fined dredged material were identified,

Groundwater flow is upward toward the lagoon,
which eliminates the potential transport of contam-
inants to deeper groundwater and the Willamette
River. The predicted concentrations of Port-related
chemical constituents reaching surface sediments
and surface waters of Ross Island Lagoon are
below correspon<Nng risk-based screening criteria
and regional background levels.

A geotechnical evaluation indicates that in-water
fill slopes adjacent to three containment cells are at
risk of failing. The current slope configuration
results from mining that removed lateral support to
the containment cells. Slope failures could result in
the exposure and resuspension of Port confined
dredged material. These risks increase during a
design seismic event. Recently, DEQ has confirmed
these findings and prioritized placement of recla-
mation fill to buttress the at-risk slopes.

As expected during disposal of the Port
dredged material, some particulate material was
dispersed to the water column. The dispersed mate-
rial was later covered with capping material and/or
non-Port fill. No current or future unacceptable
human health or environmental risks were identified

in relation to the disposal and placement process.
Construction, configuration, and capping of the

contairunent cells in Ross Island Lagoon were con-
sistent with existing regulatory guidance on capped
aquatic disposal. Extensive physical and chemical
data demonstrate that the containment cells continue

to safely isolate the Port confined dredged material
from the environment. The cells are functioning as
intended.
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ABSTRACT: The Port Authority of New York and New Jeiaey constructed and has
operated a subaqueous confined disposal facility at Port Newark, New Jersey since
November of 1997. The Newark Bay Confined Disposal FaciTity  NBCDF} is a 1.5
million cubic yard subaqueous "pit" excavated from the bottom of Newai'k Bay. The
NBCDF has served as a inuch-needed disposal site for dredged materials that are
deemed unsuitable for placement at the federally designated Historic Area Reuiediation
Site  HARS! off of Sandy Hook, New Jersey.

Malcolm Pirnie, Inc. was retained by the Port Authority to develop an Operations and
Management Plan and implement the Plan. Over the past three years, eleven disluuail
projects have been successfumy coinpleted, and one is underway. Operation of the
faciTity includes visual observation during every disposal event, periodic TSS water
quality monitoring, and bathymetric surveying. Operational monitoring has shown
that no release of sediments from the facility has occurred.

Key words: sediment, New York/New Jersey Harbor, bathymetry, CDF, subaqueous disposal,
plume tracking, water quality monitoring, TSS inonitoring

INTROnVCnON

Cnttespoudiug author, telephone; 914-694-2100;
fax: 914694-92S6; email: gmatthews@pimie.eom

The Newark Bay Confined Disposal Facility
 NBCDF! is a disposal site for dredged materials
that are deemed unsuitable for ocean disposal at
the federally designated Historic Area
Remediation Site  HARS! off of Sandy Hook,
New Jersey. Dredged material to be placed in the
NBCDF must originate from the New York/New
Jersey Harbor in waters contiguous to the State of
New Jersey including Newark Bay, the Arthur
Ki11, and the Kill Van Kull  collectively the "Draw
Area" !. The NBCDF is located just off the
entrance to the Elizabeth Channel, New Jersey
 Figure 1!, and has been constructed and permitted

to receive approximately 1.5 million cubic yards of
dredged material that is otherwise restricted from
ocean disposal. Detailed information regarding
operation, permits, and predisposal requirements
for potential users is documented  Knoesel et al.
1998!. The user fee for disposal is $29 per cubic
yard.

The NBCDF is located within a greater shal-
low water-depth area of Newark Bay, New Jersey.
The NBCDF has an area of 26 acres at the water

surface and was originally constructed to a depth
of -70 MLW. Bathymetric surveys have indicated
that in August 2000, the surface of the dredged
material is at -35 to -40 MLW, or about 30 to 35
feet above the facility bottom. To date, over
900,000 cubic yards of dredged material have been
disposed at the NBCDF, as calculated from
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NBCDF MANAGEMENT

DIsPosAL OPERATIoNs

pre- and post-dredging bathymetric surveys at the
various dredging sites, This material has been
deposited by over 400 scow loads from 12 differ-
ent dredging projects/sites. The operation of the
NBCDF is a great opportunity to learn how to
electively manage disposal in this way, and offers
insight for designing and operating future sub-
channel disposal facilities.

Figure l. NBCDF location map anti hatching showing the "Draw Area".

NBCDF is operated, managed, and monitored
in strict accordance with permits and established
procedures, as presented in the US Army Corps of
Engineers  Corps! and New Jersey Department of
The Port Authority of NY and NJ  PA! constructed
the NBCDF in the summer and fall of 1997. The

Environmental Protection  NJDEP! approved
Operations and Management  O&M! Plan.
Malcohn Pirnie, Inc., of White Plains, New York
 Malcolm Pirnie!, was retained by the PA to devel-
op the O&M Plan and manage the NBCDF.
Management includes disposal event oversight and
the performance of periodic bathymetric surveys
and water quality monitoring.

Prior to disposal operations, the potential
NBCDF User  User! submits to Malcolm Pirnie,
Transportation and Disposal Plans, including

details of operations, points-of-contact, and equip-
ment to be used, A Malcolm Pirnie "Field

Professional" and a Corps Certified Dredge
Inspector are present for all disposal operations.
The Field Professional meets with the tugboat crew
including the scowmen and reviews with them the
procedures for using the NBCDF and protocols for
radio communication. As new tug/scow personnel
are added to the crew, similar meetings take place.

The Field Professional, in a separate motor-
boat, leads the tug/scow through the NBCDF
entrance and proceeds to the location within the
NBCDF where disposal is to take place. When the
tug/scow is in a satisfactory position, the Field
Professional instructs the tugboat Captain, "affir-
mative for disposal". If during a disposal event a
malfunction occurs such that scow doors do not

open or shut properly, the tug/scow remains inside
the NBCDF until the malfunction is corrected. The

User must also remove any floating debris.

FIELD MANAGEMENT IssUEs

As field placement activities have progressed,
lessons learned have been incorporated into future
disposal operations. This has helped to enhance
safety and to ensure proper placement of dredged
material. Primary lessons learned include:
~ The need to orient the tug/scow into the wind

during disposal to anticipate and minimize the
affects of wind on the empty scow. An empty
scow could easily get away from, or move the
tug into the facility side slopes, It is also
important to allow sufficient room for maneu-
vering the +200 ft scows inside the facility,

~ Allowing proper slacking of tug/scow lines
prior to opening scow doors, to avoid broken
lines. During disposal the scow rises sharply
due to reduced load. Should a scow break

loose, it could impact the side slopes of the
facility or float into the adjacent navigation
channel s!,

~ It is important for the Field Professional to
maintain close communication with the

tug/scow crew to confirm that all equipment is
working properly. Although each scow is
inspected by the scowman and a checklist
filled out, malfunctions may occur. As
required by the O&M Plan all malfunctioning
scows must remain in the NBCDF until they
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are fixed. In a few instances, the scow doors
did not close immediately after disposal, The
crews, working in close communication with
the Field Professional, were able to quickly
identify the problem and make the necessary
adjustments to fully close the scow doors. In
aH cases, the scows were given permission to
exit the facility.

WATER QUALITY MOMTORING PROGRAM

To document that containment is effective and

to confirm there are no impacts to the surrounding
area, a Water Quality Monitoring program has been
iinplemented. Total suspended solids  TSS! sam-
ples are collected beyond the NBCDF perimeter
and in the entrance channel during and immediately
after disposal events. In total ten disposal events
are monitored for TSS for each 10 foot increment
 " lift" ! of deposited material in the NBCDF.

Water column samples are collected before and
after selected monitored disposal events to assess
TSS concentrations. Samples are collected at two
stations downcurrent dining each inonitored event.
Each station is located approximately 200 feet
from the NBCDF boundary. An additional station
located in the entrance channel is sampled to meas-
ure the "transit effect" of the scow/tug as they pass
through the entrance channel. At each station, two
samples are obtained: one shallow  from within six
inches of the surface! and one deeper  at 20-foot
depth or 18" from the bottom, whichever is shal-
lower!. Control samples at all stations are collect-
ed prior to each monitored disposal event.

REsULTs oF WATER QUALrrY MoNtToRllqo

As of November 2000, thirty disposal events
 over 3 lifts! have been monitored. For all chsposal
events, measured levels of TSS were consistent

with control levels. The data collected is consis-

tent with field observations that no plumes were
visible outside the boundaries of the NBCDF dur-

ing any of the monitored disposal events. Some
turbidity is created by the "transit effect" as the
tug/scow travels through the 20-foot deep entrance
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channel or near the boundary of the facility; how-
ever, this turbidity is not associated with the dis-
posal of dredged material and is of a short-term
duration.

Figure 2 shows average values of TSS concen-
trations, for all monitored stations vs. time after

disposal, for the 3 <hfferent lifts between
November 1997 and October 1998. As shown in

the figure, TSS levels from pre- and post-disposal
samples do not vary significantly. The data points
not connected to the lines represent TSS samples
collected in the entrance channel prior to disposal,
but immediately after the tug/scow passes through
the entrance channel. These points have been
labeled "transit ef'feet," Data at � 0.25 hours repre-
sents ambient conditions prior to the disposal event
that occurs at time 0.00.

The ORM Plan requires Pltnne Tracing to be
initiated if field observations indicate a TSS plurne
is present beyond the limits of the NBCDF. Plume
tracking is to be conducted via transmissometer
towed, at a depth of maximum turbidity, along lat-
eral transects across the width of the plume.
Although we have the ability to track plumes during
monitoring, field observations have not indicated
the presence of pluines from discharged sediments
at the NBCDF. Therefore, plume tracking has not
been necessary to date,

Figure 2, Water quality monitoring results.
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BATHYMETRIC SURVEYING

The OkM Plan requires that bathymetric sur-
veys be performed periodically within the confines
of the NBCDF area and the entrance channel to

monitor placement of dredged material. The surveys
are conducted following each 10-foot lift of disposed
material. We have also conducted additional bathy-
metric surveys and sediment sampling to determine
how material behaves in the facility. Nine surveys
have been conducted, consisting of data acquisition
using a 200 kHz sounder along approximately 35
parallel tracklines spaced at 50-foot intervals. The
horizontal positioning accuracy is +/- 3 feet; depth
sounding accuracy is +/- 6 inches.

The electronic data set for each survey is used
for volume computations to determine quantities of
dredged material placed in the NBCDF.
Topographic maps with contour lines and 3-D per-
spectives have been created from these data. The
siuveys have shown that the deposited material is
sufficiently fluid resulting in a fairly smooth, even
layer of sediment on the bottom of the NBCDF
 Figure 3!. This has eliminated the need for vary-
ing disposal locations to allow for even distribu-
tion; therefore, we have been directing the
tugs/scows to deposit material in the center of the
NBCDF. Scows were directed to place at this loca-
tion to keep debris in one area. The slope within
the NBCDF is approximately 50:1.

HIsToRY OF UsAGE OF NEwARK BAY CDF

Figure 4 shows the historical usage of the
NBCDF since operation began in November 1997.
As of November 30, 2000, over 900,000 cubic
yards of material has been dredged for disposal at
the NBCDF. Usage of the NBCDF was most sig-
nificant in the beginning of operations in
November of 1997 and during the calendar year
1998. The NBCDF was a vital short-term solution

to dredged material management crisis in the New
York Harbor area, as evident by the usage rates in
1997 and 1998. In 1999 and 2000, the rate of
usage decreased due to several factors including:
�! increase in the availability and decrease in the
cost of upland disposal sites; and �! emphasis on
beneficial use of material in the New York Harbor
area. Nevertheless, the NBCDF remains a viable

alternative for disposal of dredged material unsuitable

Figure 3. Bathimtetric Survey 4, September 22-25, 1998.

ssN tata asas atato
Figure 4. Summary of usage of NBCDF, volume in cubic yards.

for remediating the HARS,

All disposal operations at the NBCDF have
been conducted in full accordance with the

approved OXM plan and permit requirements. No
releases of TSS were observed outside the bound-

aries of the NBCDF during or after any of the
dredged material disposal operations. The NBCDF
has proven to be an integral part of the overall
strategy for managing the contaminated sediments
in the New York/New Jersey Harbor, The success
of the facility has proven that this method of
disposal is effective and could be further developed
to provide additional confined disposal facilities
for the harbor.

Several factors have contributed to the success
of operations:
~ Conducting thorough predisposal meetings so
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that the tugboat/scow personnel are familiar in
advance with NBCDF protocol, especially
regarding communication with the Field
Professional. Good communications among all
parties involved are essential.
All parties are made aware of the need for
safe/effective operations at the NBCDF. The
future of more subaqueous disposal facilities in
this area hinges on the safe and effective
operation/management of this facility.
The liquid properties of the deposited material
resulted in a 50:1 slope, even layer of sediment
on the bottom of the NBCDF. Scows have

been chrected to deposit the dredged material
in the center of the facility, providing maxi-
mum room for maneuvering and minimizing
distribution of debris so that sampling in the
NBCDF can be performed more easily in the
remainder of the site.

Favorable disposal conditions. A majority of
the projects to date have been conducted in rel-
atively light winds with good visibility, The
Field Professional has, albeit rarely, postponed
a disposal event due to excessive winds or
poor visibility, Also, wave action around the
NBCDF is relatively small given the protected
nature of Newark Bay.
The Newark Bay Confined Disposal Facility is

a great success and guides the region if more sub-
aqueous confined disposal facilities are desired in
New York/New Jersey Harbor in the future.

Lou TURE Crrm

Knoesel, E., M. Masters, T.H. Wakeman IH and P. Dunlop. 1998
Operation and management of a subaqueous confined disposal
facility for dredged ~ in Newark Bay, New Jersey. In
Proceedings from the 15+ World Dredging Congress, Las Vegos,
iVV, 367-375.
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ABSTRACT: This study investigated benthic biological and chemical characteristics to
determine if confined aquatic disposal  CAD! cells constructed during the Boston
Harbor Navigation Improvexnent Project  BHNIP! have resulted in changes to benthic
conditions and communities. In April 1999, bottom sedhnents were sampled from the
Phase I pilot cell  July 1997 construction!, a Phase II cell  February 1999 construction!,
and from ambient sediments. Sediment profile images, water quahty parameters, grain
size distribution, invertebrate species composition and abundance, trace metals
concentrations, and organic carbon concentrations were analyzed. The results of thiis
study suggest that no major changes to the benthic habitat and community have
resulted from the construction of the BHNIP CAD cells. Fine sediment fractions �2%

to 9$%! were consistently larger than sand fractions �% to 32%! for all samples.
Sediment prof de ixnages revealed shallow    3 cm! redox potential depths. Concentrations
of trace metals appear to be similar among all stations. Invertebrate abundance was low
at all stations �83-833 indivJ0.00196 m2!, and only seven polychaete genera were
found in total. Sand coverage and acoustic profQe data from other studies reveal that
the caps are not distinct from the cell contents. Thus, the potential beneficial effect of
CAD cells on benthic conununities may be conxpronnsed by design and/or construction
challenges rather than from inaccurate predictions of environmental benefits.

Key words: benthic communities, CAD, Boston Harbor, MA

INTRODUCTION

1 Corresponding autlror;telephone: 617-252-1741;
fax: 617-252-1615; email:jpederso@rniLedn

The Boston Harbor Navigation Improvement
and Berth Dredging Project  BHMP! involves
dredging shipping channels and berths in the Inner
Harbor and its tributaries to increase the efTiciency
and safety of overall shipping activities in the Port

of Boston. For over three centuries, human and

industrial wastes have contaminated Boston

Harbor sediments with organic chemicals and metals
 Leo et al., 1994!. In the 1980s, Boston Harbor
was considered one of the most contaminated har-

bors in the U.S, These contaminants may be dam-
aging or toxic to marine organisms  e.g., benthic
infaunal species and bottom feeding organisms!
rhat come in contact with contaminated sediments
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and pore water. In addition, sediments and associ-
ated contaminants may be resuspended in the water
column or buried by bioturbating organisms  ShuH
and Yasuda, 2000; ShuH, 2001!. Affected commu-
nities exhibit low species diversity and abundance,
and consist primarily of opportunistic species that
can tolerate environmentaHy stressful conditions
 USACE and Massport, 1995!. Benthic cornmuni-
ties in the Inner Harbor and tributaries are charac-

teristic of those found in contaminated environ-

ments.

The sediments deposited in Boston Harbor
since the last dredging project were deemed unsuit-
able for open ocean disposal. Confined aquatic
disposal  CAD! cells were determined to be the
least environmentally damaging disposal option for
the project  USACE and Massport, 1995!. In this
method, dredged sediments are deposited into a pit
constructed in the channel bottom, and the contents
of the CAD cells are covered with a cap of clean
sand. In theory, the contaminated sediments are
concentrated into the cells, and poHutants are
sequestered by the caps, A potential additional
benefit is that the cap may provide a clean sub-
strate for benthic colonization and the change in
grain size may attract a ihfferent group of organ-
isms. Thus, sand-sapped CAD cells may influence
changes in the benthic community,

In July 1997, a Phase I CAD cell was con-
structed and filled with contaminated dredged sedi-
ments  MA DEP, 1998!. Preliminary data gathered
in September 1997 indicate that the cap was not
evenly distributed, covering only approximately
70% of the cell, with the remaining 30% of the cell
surface consisting of exposed contaminated
dredged material  Fitzgerald and Shufl, 1997; ShuH
and Fitzgerald, 1997!. Additional cells were con-
structed as part of Phase II of the project in 1999.

The purpose of this study was to evaluate chf-
ferences between pre- and post-project conditions
with regards to benthic colonization and sediment
contaminant levels in capped cells and uncapped
sediments. The capped cells were expected to have
different benthic community structures, cleaner
sediments, and less organic material than uncapped
sediments. Data on sediment characteristics and
infaunal communities were collected from the
Phase I pilot ceH, the Phase II cell "M12", and
undisturbed areas of the Inner Confluence and

Mystic River in April 1999. These findings pro-
vide baseline data on early cap colonization, and
when compared to post-project benthic monitoring
studies, contribute to understanding the short- and
long-term biological and chemical effects of
confined aquatic disposal.

METHODS AND RESULTS

Water quality data, sediment profile nnages
 SPIs!, and grab samples were collected from sta-
tions at the Inner Confluence cell  IC!, ceH M12
 M12!, and ambient  AMB! locations in the Inner
Confluence  AMB-IC! and Mystic River  AMB-
MYS!. AH grab samples and SPI collection meth-
ods closely followed the protocols established by
the Benthic Monitoring component of the MWRA's
Harbor and Outfall Monitoring Project  Kropp and
Boyle, 1998!, Two sampling trips were conducted
on April 12 and April 29, 1999 on Northeastern
University's RV Mysis, a fifty-foot research vessel
out of Lynn, Massachusetts. Several random coor-
dinate sets were generated within each of the pro-
posed sampling areas  IC, M12, AMB! as target
sampling points. During SPI and grab deployment,
the time, vessel position, and water depths were
recorded. Depth data were later corrected to
account for vessel draft, and normalized to Mean
Lower Low Water using six-minute water level
heights recorded at the National Ocean Service
 NOS! Boston Harbor Tide Station  ¹8443970! on
the sampling dates.

WArm QUALrrY

Water quality data were collected from twelve
stations using a YSI 6820 hand-held instrument.
During each deployment, the following parameters
were recorded at the surface and bottom of the

water coliunn: depth, temperature, salinity, specific
conductivity, dissolved oxygen, turbidity, and pH.

Daytime water temperatures ranged from
46.3'F to 54.6 F at the surface, and from 44.0'F to
44.8'F at depth. Salinity fluctuations were min:imal
among aH stations. Surface waters, ranging from
25.48 psu to 26.27 psu, were slightly less saline
than waters at depth, with measurements ranging
from 26.45 psu to 27.90 psu. Salinity values were
low overall, possibly reflecting spring runoff.
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Table l. Sediment types, redox potential depths  RPDs!, and particulate organic carbon  POC! composition. Sediment types were estimated from
sediment profde images  SPI!, and measured from grain size analyses of chemistry grabs  percentages!. RPDs  cm! were measured from SPI,
chemistry grabs, and invertebrate grabs. For POC analyses, marine sediment  National Research Council of Canada! was used as a standard
reference material  SRM!, and POC composition measumd from two SRM samples were 2.08% and 2,10%. Actual percentage of POC for
SRM = 2.19 +/- 0.09%. Asterisk  *! indicates no sample collected I'rom that station.

Grain Size Description from SPI and
Percenta e from Sieve/Gravimetric Anal ses

Redox Potential Depth  cm! from
SPI and Grab Sam les

Particulate Organic
Carbon Com sitioa

Station ID Chemistry
Grab

% Clay SPI% Sand % Silt Invertebrate
Grab

SPI

Fine sandy siltIC-I 2.54.5 2.5 2.9127.0411.95 61.01
11.22 62.71IC-2 4,5Mud 1,0 4,5 3.0226,07

IC-3 3.0Mud
<I.OIC-4

Sand, shell 2.5
M12-I <0.5 0.0 0.0 2.61Mud 32.28 71.80 4.08
MI2-2
MI2-3

<0.51,86 43.88
15.87 48.85

54,26
35.28

0.0MI2-4
M12-5 0.0Mud

Fine sandy siltAMB-IC-I
AMB-IC-2

1.0 2.5 3.0 2.6319.70 67.53
11,77 61.98

12.77
2.0 4.0 4,326.25

AMB-IC-3
AiVIB-IC4

2.561.5 3.614.65 66.47
13.07 57.86

18.88
3.0 3.0 4.3 2.904.029.06

3.6 2.60AMB-IC-5
AMB-IC-6

1.528.16 69,53 2,32
Mud 1.5

AMB-MYS-7 Fine sandy silt 2.660,5-3,0 2,5-3.5 I,O
AMB-MYS-8 0.161.0 0.0 0.01.86 43.88 54.26

SandAMB-MYS-9
AMB-MYS-10

<1.0 0.0 0,0 0,2015.87 48.85 35.28
<0.5Soft mud

SEDIMENr PRoFILE IMAGEs

Sediment profile images  SPIs! were collected

Dissolved oxygen levels ranged from 9.8 mg/L to
11.5 mg/L at the space, and from 8.1 mg/L to
10.3 mg/L at depth. Dissolved oxygen levels were
lower at depth for thirteen of the fourteen water
quality profiles collected for this study. pH values
were fairly consistent among all stations, ranging
from 8.0 to 8.2 at the surface, and from 7.8 to 8.1

at the bottom of the water column. Turbidity
measurements differed between surface and depth
levels. Surface levels for IC stations ranged from
0.04 ntu to 17.7 ntu, and from 12.4 ntu to 650 ntu

at depth. Surface levels for M12 stations ranged
from 0.9 ntu to 1.7 ntu, and from 1272 ntu to 1762

ntu at depth. Surface levels for ambient stations
ranged from 1.3 ntu to 5.2 ntu, and from 698 ntu to
1080 ntu at depth. Higher turbidity levels at depth
for the M12 and ambient stations are consistent

with the silty surface sediments found at those
locations, proximity to major shipping lanes, and
M12's recent construction.

from eighteen stations. Because the still camera
was not functioning on the day of sampling, all
deployments were recorded on VHS video. The
footage was qualitatively  rather than quantitatively!
reviewed for following parameters: prisin penetration,
apparent redox potential depth  RPD!, sediment
type, sediment layers, and the presence of tubes,
burrows, oxic voids, anoxic voids, and gas voids.

RPD  Table 1! determined from SPIs for M5
and the five M12 stations were all less than 0.5cin.

RPDs for the four IC stations ranged from less than
lcm to 3cm. The eight ainbient stations also had
RPDs ranging from less than lcm to 3cm. RPDs
measured from chemistry and invertebrate grabs
are generally consistent with those measured from
SPIs. Slight variations in the values may be due to
variability in the substrate at the stations, as the
grab and SPI apparatus likely did not touch down
at exactly the same location. Visual and grain size
analysis of sediinent type ranged from mud to silt
to sand incluthng some shells  M5! and fine-sandy
silt  M12 and 1C!  Table 1!. Invertebrate burrows
were visible in two of the ambient station images
and two of the Inner Confluence images. Tubes
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were visible in four ambient station images and all
four IC images. Neither burrows nor tubes were
visible in the M12 station images, perhaps due to
more recent disturbance. Biogenic mounds, bio-
genic pits, and/or mysid shrimp were visible at one
1C and three ambient stations. Paleomonid shrimp
were visible at the MS station. Mysid shrimp,
foraminifers, and occasionally rnollusks  bivalves
and gastropods! were observed in the samples, but
not in the subsarnples, and were not included in the
invertebrate analyses.

GRAB SAMPLING

A 0.04m2 Ted Young-modified Van Veen grab
was used to collect samples from eleven stations.
At each station two grabs were taken, one each for
biological and chemical analyses. Prior to subsam-
pling each grab, the grab penetration and sediment
color were recorded. In addition, a modified 60 cc
plastic syringe used to take a core of the grab con-
tents from which the apparent redox potential
depths  RPD! were measured. Three replicate
infaunal subsamples were obtained from each
infaunal grab using modified 60cc plastic syringes.
After the volume of each subsample was recorded,
each subsample and the remainder of the grab con-
tents were individually washed thoroughly through
a 300 pm-mesh sieve with seawater and stored in a
10% borate-buffered formalin solution in separate
containers, For the chemistry grabs, the top two
centimeters of the sediment at grab's surface were
removed using a stainless steel scoop and homoge-
nized in a glass bowl. The homogenized sediment
was then subsampled for grain size, trace metals,
organics, and particulate organic carbon analyses
and placed into separate containers.

BENTHIC INFAUNA

Infaunal subsamples were re-sieved through a
300 pm mesh sieve using distilled water and trans-
ferred to a 70% ethanol solution for storage. Prior
to sorting, subsamples were stained in a saturated
Rose Bengal solution. The subsamples were then
rinsed with fresh 70% ethanol solution and sorted
under a dissecting microscope. Sorted subsamples
were returned to a fresh 70% ethanol solution for
storage.

Seven species of polychaete worms were found
for all stations. These and other organisms found
included Polydora ligni, Cirratulus cirratus,
Streblospiro benedicti, Nephtys species, Capitella
species, Polynoidae juveniles, Prionospio species,
oligochaetae, nematodae, amphipods, hydroids,
crustacean larvae, shrimp, copepods, ostracods,
gastropod larvae, and foraminifera. While sample
size and grab quantities were small, the organisms
found at all stations are characteristic of containi-

nated habitats  GaHagher and Keay, 1998; Valiela,
1984!. No statistical differences in richness
 P&.921! or abundance  PW.376! were found
between capped and uncapped sediments, nor were
any statistical differences found in richness
 P=0.371! and abundance  ~.235! among sam-
ples from the IC cell, M12, and the ambient sta-
tions. Because each grab was subsampled to
obtain three replicates, richness and abundance
data are reported in actual units meastu'ed,
¹spp./0.00589 m2 and ¹individ./0.00196 m~
respectively. For the grab size used �.04 m~!, if a
full grab was used for each replicate, the richness
and abundance data units would be ¹spp./0.12 m
and ¹individ./0.04 m~, respectively. Richness and
abundance values, both actual and extrapolated to
units standard to MWRA's Soft-Bottom Benthic

Monitoring Program, are compared to those reported
for the MWRA Outer Harbor Stations for April
sainpling  Hilbig et al., 1998! in Table 2.

SEDIMENT GRAIN SIZE

Grain size subsamples were collected from
eleven stations, though a processing error occurred
with ambient sample AMB-MYS-7. Two addi-
tional ambient samples collected in the Mystic
River consisted priinarily of Boston blue clay.
These samples were retained, but were not ana-
lyzed because of the clay's high density. The sieve
and gravimetric analysis techniques and
Krumbein's phi  $! scale, as described by Folk
�974!, were used to determine the sand, silt, and
clay fractions of the samples.

All samples contained a majority of silts and
clays  fines!, with fines fractions consistently larger
than sand fractions  Table 1!. No gravel was present
in any of the samples. Percent sand ranged from
2% to 2&% for all stations. Mean percent sand for
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Table 2. Richness and abundance for Inner and Outer Harbor stations compared between xesults of this study and MWRA's Soft-Bottom
Benthic Monitoring Program  Hilbig et aL, 1998!. For purposes of comparison, extrapolated range was calculated by extrapolating data to
match the grab vohunes typically reported for a 0.04m grab sampler.   This study, Hilbig er aL, 1996!.

Table 3. Trace metal concentrations and metal concentxations normalized to fines. BCSS-1 marine sediment  National Research Council of
Canada! was used as a standard reference material  SRM!. Gxain size analysis was not conducted on SRM; trace metal concentrations are not
notxnalized to fines. Concentrations in mgikg dxy weight.

Sample Source Ni Mn Cr

32,78 519.42 156.28

Calculation Co Zn Cd Pb

195.42 8.51 87.62

Cu

Concentration 12.89 110.57

St. Dev 0,62 154.24 46.69

39.29 744.00 248.25

3.91 31.24 54,74 3.75 25.29

302.43 10.17 134.18

Ambient Inner Confluence  n � 5!

ormalized to fines 18.27 167.83

St, Dev. 9.67 165.96 97.69 3,67 105.26 4.41 45.0453.57

Concentration 76.44 1367.67 204.75 30.86 109,79 275.38 10.34 90.47

St, Dev 13.55 400.48 33.50

92.56 1244;56 283.53

8,91 111.20 14.32 82.98

327.01 2.23 120.36

74,91Ambient Mystic River  n=3!

o~imtor es M~ 8,09 150.28

St. Dev. 5.50 460.77 140.26 9.00 118.78 156,46 1,27105,96

Concentration 35.45 591.14 176,38 228.33 9.83 94.0416.62 125.73

5.29Inner Confluence  n=2! 1.36

18.83 144.02

1.60 4,28

17.55 192.40M12  n=l!
ormalized to fines Mean 57.08 571.43 157.16 246.50 17.65 110.1213.48 123,64

Table 4. Mean concentrations of selected contaminants in various sediments. Values are listed for sediments from Boston Harbor, pre- and
post-BHNIP, this study, Massachusetts Bay Disposal Site  MBDS!, Georges Bank shelf, aud state  MA Category ll! and fedexal  ER-L and
ER-M! limits. Concentxations axe in ppm  table after Fredette aud Pedexson, 1998!.   MWRA, 1990, USACE and Massport, 1995, SAIC,
1999b, USEPA, 1990, Bothner et aL, 1986, CMR 314.90, Long and Morgan, 1990!.

This
stud

Pollutant Post-
BHNIP

Boston
Harbor'

MBDS Geo rges
Bank'

ER-L and
ER-M

MA
Cat o II

3.7 10.3 0.055 5-10 5-9
Cr 166 205133 160 118 37 100-300

200<00

80-145

85-390180 110105 170 70 6.5
Pb 251 220 91131 156 17 100-200

50-100
35-110

Ni 41 43 76 29 12 30-50
219 380 275 220 30 200%00 120-270

St. Dev

ormalized to fines

St. Dev

Concentration

0.62 28,57 3.89

40,10 683.41 200.69

0.93 15.40 3.89

53,15 750.24 311.41

6.56 1,94 3,73

257,85 11.12 105.63

9.52 2.26 2.58

358,30 15.69 157.90
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Figure 1. Location for 13 sampling stations. Sediment profile images
were collected on April 12, 1999, and invertebrate and chemistry
samples were collected on April 29, 1999. Collection locations are
marked with the letter "x".

the IC cell, M12, and ambient stations are 12%,
7%, and 15%, respectively. The Amended Water
Quality Certification  MADEP, 1998! for the
BHNIP defined one criterion for a successful cap
as having surface sediments consisting of 90%-
100% sand. None of the sediments sampled in this
study approached this range. No statistical differ-
ences in sand composition were found between
capped and uncapped sediments  P=0.449!, nor
were any statistical differences found among sam-
ples from the Inner Confluence cell, M12, and the
ambient stations  ~.367!, The contents of cells
constructed after the completion of this study were
allowed longer consolidation periods. Samples
from these cells revealed distinct sand caps  S. Wolf,
ENSR, personal communication!,

TRACE METALS

Subsamples for trace metals were collected
from eleven stations. Samples were digested using
the microwave digestion technique described by
UMB �995! and analyzed following the tech-
niques described by Shine et aI. �995!. Marine
sediment supplied by the National Research
Council was used as Standard Reference Material

 SRM!. Means and standard deviations for metal
concentrations and for concentrations normalized
to fines are presented in Table 3. Trace metal con-
centrations did not vary greatly among stations, No

statistical differences for any metals concentrations
were found between capped and uncapped sedi-
ments, nor were any statistical differences found
among samples from the Inner Confluence cell,
M12, and the ambient stations,

Mean concentrations of selected metals in sedi-

ments from Boston Harbor, pre- and post- Boston
Harbor Navigation Improvement Project  BHNIP!,
this study, Massachusetts Bay Disposal Site
 MBDS!, Georges Bank Shelf, and state and feder-
al guidance level are presented in Table 4. The
state and federal guidance values are presented as a
range; concentrations below the low value are con-
sidered clean, and concentrations above the high
value are considered problematic  Fredette and
Pederson, 1998!. Concentrations found by this
study are higher than the pre- and post-BHNIP
values for Cd, Cr, and Ni, but lower than pre- and
post-BHNIP values for Cu, Pb, and Zn. With the
exception of Pb, concentrations found by this study
are higher than Boston Harbor and MBDS values
for all metals. Concentrations at the Georges Bank
shelf, typical of an uncontaminated environment,
are lower for ail metals than the values for this

study, Boston Harbor, BHNIP studies, and the
MBDS. Concentrations found by this study are
slightly above both the state and federal guidance
ranges for Cd. For Cr, Ni, and Zn, the concentra-
tions are within the state range, but above the fed-
eral range. For Cu and Pb, the concentrations from
this study are lower than the state range, but within
the federal range.

PARTICUI.ATE ORGANIC CARBON  POC!
CONCENTRATIONS

Subsamples for particulate organic carbon
 POC! analysis were collected from eleven sta-
tions, and were analyzed according to the protocol
described by the HUSPH-DEH �995!.
Percentages of POC ranged from 0.2% to 3.0%
 Table 1!. Mean percentage of POC for the IC
cell, M12, and undisturbed stations are 3.0%,
2,6%, and 2,1%, respectively. No statistical differ-
ences in percentages of' POC were found between
capped and uncapped sethents  ~.194!, nor
were any statistical differences found among
samples from the Inner Confluence cell, M12, and
the ambient stations  PW.133!. POC percentages
varied little �.1% � 3.0%!, with the exception of
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two stations, AMB-MYS-8 �.2%! and AMB-
MYS-9 �.2%!. Clay fractions were highest in the
AMB-MYS samples  Table 1!, and this may
explain the low percentages of POC observed in
two of the three AMB-MYS samples. As very lit-
tle variation in POC percentages is seen among
most samples, no correlation between POC and
RPD is apparent. RPDs of 1 cm or less were
found at the two out-lying stations for POC per-
centage, as with some stations in other locations.

DISCUSSION AND CONCLUSIONS

This study found few differences between
capped and uncapped sediments, or between sedi-
ments from the Inner Confluence cell and M12.

Benthic communities do not appear to have
changed with the creation of CAD cells, nor do the
observed communities appear to vary with the age
of the cell. Species richness and abundance, gener-
ally found to be low in pre-project studies, remain
low for the CAD cells. The species found in this
study are characteristic of the more polluted areas
of Boston Harbor.

To reduce processing time, the invertebrate
samples and replicates were smaller in quantity
than what is typically collected for a study of this
nature. Due to the patchiness of many infaunal
communities, the invertebrates collected for this

study may not adequately represent the communities
sampled, However, the invertebrate, as well as
trace metal and grain size data generated by this
study are comparable to those reported by several
published baseline and monitoring reports  SAIC,
1999b; SAIC, 1997; ENSR, 1997; Fitzgerald and
Shull, 1997; Shull and Fitzgerald, 1997; USACE,
1995!.

It should be noted that the intended sampling
plan for this study was not achieved due to naviga-
tional difficulties encountered dining sampling,
which resulted in unequal and possibly inadequate
sample sizes for the three treatments  IC, n=2;
M12, n=l, and AMB, n=8!. On April 12, 1999, the
tmferential GPS unit was malfunctioning. While
GPS coordinates for cell corners were obtained

prior to sampling, the depth readings obtained in
the vicinity of the cells were often inconsistent,
and it was difficult to determine the exact location

of a cell. Sediment cores and acoustic data collect-

ed from the Inner Confluence cell indicated that

the edges of the cell had likely caved in  SAIC,
1997; Fitzgerald and Shuli, 1997!, and the cell may
have lost its regular rectangular footprint. Finally,
the tidal currents in the Inner Confluence and

Mystic River may have caused the vessel to drift
off mark.

CAD cells are designed to sequester containi-
nated sediments with a cap of clean sand.
However, a distinct, silty surface layer was found
at all stations, as determined from sediment profile
images, turbidity measurements, and grain size
analyses. Sand fractions among sediinents sam-
pled from within and adjacent to the pilot cell are
low and relatively consistent with each other.
Similarly, the Mystic River Ambient samples con-
tain sand fractions similar to the M12 sample.
Fines fractions are consistently larger than sand
fractions, regardless of the sample origin  in or out
of cap!, Mixing of the sand layer with underlying
fine sediments, and/or misplacement of cap material,
are likely to have occurred. Trace metal concentra-
tions from the CAD cell sediments differed little

from those found in ambient sediments. If the

cells were capped, and benthic organisms were uti-
lizing cleaner sediments, low organic carbon levels
and higher redox potential depths would be expect-
ed for surface sediments in the cells. However,

even if outlying data points are eliminated, no rela-
tionship between RPDs and percentage of POC is
observed. The high trace metals concentrations in
surface sediments appear to correlate to low dis-
solved oxygen levels measured in this study.
Regardless of location, dissolved oxygen levels
were lower at depth for nearly all stations.

The results of this and several other studies

indicate that for the Inner Confluence cell, cell

M12, and other cells constructed in the Mystic
River, the goal of a sand cap at the surface of the
cells has not fully been achieved  SAIC, 1999;
SAIC, 1997; ENSR, 1997; Fitzgerald and Shull,
1997; Shull and Fitzgerald, 1997!. Placement of
the sand cap is inconsistent, and/or the sand appar-
ently mixes or settles into the silty, liquefied mate-
rial deposited into the cells. The resulting scenario
is one where dredged material remains at least par-
tially exposed at the surface of the cells. In most
cases, sediments dredged fmm the shipping channels
and berths are similar to the surrounding ambient
conditions with respect to sediment type and con-
taminant levels  USACE and Massport, 1995!.
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Effectively, then, exposed dredged material in the
cells changes the overall benthic landscape very lit-
tle, The liquid silty contents of a new cell that have
not yet settled may be more likely to be resuspend-
ed into the water column by the passage of ship
traffic or other turbulence. The surface of complet-
ed cells also appears to be slightly below the depth
of the surrounding sea bottom. Boston Harbor is an
estuarine, and thus depositional, system, subject to
processes of sedimentation. The depressed sur-
faces of the cells may become silted in over time,
possibly reducing any beneficial effect of a capped
cell should a cap be effectively placed,

The potential environmental benefit of habitat
enhancement offered by sand-capped CAD cells is
theoretically attainable. However, the physical
challenges posed by constructing, filling, and cap-
ping the cells to design standards must be over-
come in order for a cell to function as intended, In

addition, research on local sedimentary processes,
the behavior of confined containinated sediments,
and the interaction of these sediments with the

water column will contribute to a realistic assess-

ment of the environmental benefits and cost-effec-

tiveness of CAD cells. A well-planned Inonitoring
program is an essential element in developing the
CAD design and process. In addition to inverte-
brate sampling, sediinent profiles and measures of
sediment contamination, grain size distribution,
and water quality assessed at regular intervals will
contribute to a better understanding of the impacts
of CAD cells on benthic biological communities.
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ABSTRACT: A significant technical problem, which has previously hindered the
collection of subsurface information in inarine environments, has been solved through
the modification of a land-based geophysical technique for use in the marine
environment. Traditional marine design involves the evaluation of geotechnical design
options based upon a limited set of data coUected from widely spaced borings and test
probes. On land, seismic refraction can be used along with a few drilled borings to
generate a relatively clear picture of the bedrock surface. ln the marine environment,
seismic refraction has not traditionaUy worked well because of a troublesome
characteristic of nlirine sediments in shallow  harbor and bay! areas. This has forced
engineers in the past to drill a significant amount of expensive borings in the water in
order to gain the information they need.

The seisinic refraction technique does not work well in the marine environment because
shaUow marine sediments contain a significant amount of organic niaterial which
degrades, producing biogenic gas. This "gas" beconies trapped within the sediment.
Traditional seismic methods in ocean areas have relied on acoustic signals generated in
the water column  air guns, "pingers" and "sparkers"!, however these techniques only
work in areas where gas is not present in the sedhnent. An approach that mimics the
procedure used on land was developed in order to collect necessary subsurface
information in a shallow marine environment for a marine Superfund site clean-up
project. By laying out sensors  hydrophones! on the harbor bottom, and burying seisnuc
sources in the harbor bottom  below the gas pockets!, the bedrock surface can be
imaged, producing results that are comparable with land-based methods.

Key words: imaging technologies, seismic refraction, CDF, New Bedford Harbor, MA

INTRODUCTION

The determination of bedrock profiles and

other subsurface features below the mud-line in

the marine environmetlt has been difficult because

the high cost of drilling deep boreholes in-water
usually limits the number of available monitoring
points at any given site. Geophysical methods
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"Shooting Through the Gas": Innovative Geophysical Imaging of the Deep

Subsurface for Shoreline Disposal Cell Geotechnical Design in a Shallow

Marine Environment
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have proven very useful for situations on land,
where seismic refraction and reflection has been

employed to profile the bedrock and other subsur-
face features for engineering and environmental
purposes  Dobrin 1976, Telford et al, 1976!,
However, marine conditions often interfere with

geophysical signatures, particularly seismic, often
rendering the results unusable. This paper presents
the results of a program designed to overcome the
issues associated with the collection of seismic

data in the shallow marine environment, a prgram,
which resulted in the collection and interpretation
of previously una~nable critical foundation
information.

BACKGROUND

The New Bedford Harbor Superfund Site
encompasses a large portion of New Bedford
Harbor in southeastern Massachusetts; this is

depicted in Figure 1 of Borkland et al., "Bottom
Imaging...", included in these Proceedings.
Sediments within the harbor are contaminated with

high levels of polychlorinated biphenyls  PCBs!
from historic transformer manufacturing that
occurred along the shoreline of the harbor. In
1998, the U.S. Environmental Protection Agency
signed a Record of Decision  ROD!, which pre-
scribed a remedy for the clean-up of the harbor.
The New Bedford Harbor Superfund project is the
culmination of several years of consensus-building
among federal, state and local environmental agen-
cies, city officials, and an informed and involved
public. Numerous prior attempts at designing a
remedy had failed to obtain the necessary public
support,

The prescribed remedy identified in the ROD
calls for the dredging of the contaminated sedi-
ments from the floor of the harbor and subsequent
isolation of the contaminated material in four per-
manent shoreline confined disposal facilities  CDFs!
constructed for this purpose. The USEPA enlisted
the assistance of the U.S. Army Corps of Engineers-
New England District  USACE! as manager of the
project. Under the New England Total Environmental
Restoration Contract  TERC!, the USACE
assigned Foster Wheeler Environmental Corp. as
the lead design/build contractor for the work.

DESIGN ISSUES

The design of the four CDFs was one of the
most challenging aspects of the project. Much of
the critical foundation information needs for the

CDFs were in the shallow marine area adjacent to
the shoreline. Lying in between one and thirty feet
of water, the area eventually to be covered by the
marine-side footprints of the CDFs are underlain
by poorly consolidated inarine sediments com-
posed of soft organic silts and clays, and silty
sands. Bedrock depths range from 30 to 85-feet
below mud-line, and test borings conducted in
summer 1999 indicated that the bedrock siuface is

uneven and heavily fractured in places. The largest
CDF was to consist of a large cellular bulkhead as
the major containment structure, with the ends of
the bulkhead tying into shore, The original design
concept for this cellular bulkhead involved driving
long sheets directly to bedrock, However, when it
became clear from the test boring program that the
bedrock surface within the project area was highly
irregular, the USACE design engineers determined
that more extensive information on the bedrock

topography and character than could be provided
by the test boring program alone would be needed.
Detailed knowledge of the extent of irregularity of
the bedrock surface had become a critical element

in the design process.

THE PROBLEM

If this were a project constructed entirely on
land, the collection of the bedrock depth and char-
acter information would be fairly straight forward.
Several seismic refraction lines shot across the pro-
posed foundation areas, supplemented by a few
well-placed borings, would provide the design
engineers with the information necessary to con-
duct options analyses and to then design the select-
ed option. However, in this case, most of the criti-
cal information needs are in the marine environ-

ment. Traditionally, methods for the collection of
bedrock information in shallow marine areas have

relied upon seismic techniques involving in-water
energy sources for the initiation of seismic energy
 either "pingers" or "sparkers"!, with sensors also
deployed in the water to measure the return sig-
nals, The basic principle of operation relies on the
energy transfer properties of the water column to
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transmit energy into the subsurface  as opposed to
land work where the energy and sensors are planted
directly into the substrate, resulting in direct energy
transfer to the ground!, These in-water techniques
 known as "sub-bottom profiling" ! work quite well
in areas where there is an absence of an organic
bottom layer  t.e., in areas where the harbor bottom
is sandy or lacks appreciable organic content!. In
shallow marine areas, such as is present in most
bays, harbors, and tidal flats found on the east
coast, an abundance of organic material on the har-
bor bottom renders these techniques useless for
profiling deep structures, such as the bedrock sur-
face. In such areas, the traditional approach has
been to drill additional borings. However, this is an
expensive prospect given the difficulty and risk
involved with marine boring campaigns.

THE GAS CONSTRAINT

The reason that the sub-bottom profiling tech-
niques do not work well in areas of high organic
content is because these areas tend to have pockets
of biogenic gas trapped in the subsurface. The gas
is the result of the decomposition process, which
releases methane in the subsurface during the
breakdown of the organic material. The gas
becomes trapped in the subsurface between and
under layers of silty, muddy sediment. The in-
water seismic sub-bottom methods all rely on the
transfer of energy froin the water into the substrate
without interference. The energy that is transferred
is a presstue-wave  similar to a sound wave!,
which transmits through solid and liquid medium,
but not through gas. Places where biogenic gases
are trapped in the subsurface impede the transfer of
pressure-waves, and the energy that was intended
to be transferred to the subsurface is entirely
reflected back into the water column instead, ren-
dering no useful information about the subsurface.
Attempts at imaging the subsurface using trachtional
sub-bottom techniques were made at New Bedford
Harbor, with unsatisfactory results  see Figure I!.

OVERCOMING THE PROBLEM

Because the issue of foundation information
was so critical to the successful outcome of the
New Bedford Harbor project, the USACE asked
Foster Wheeler geophysicists if there were a

Figure 1. This sub-bottom image shows a gas pocket.

method that could be applied which would image
the bedrock surface below areas with energy
impeding gas pockets. Recognizing that the key to
success on land-side seisinic projects is the effi-
ciency at which energy is transmitted into the sub-
surface, it was decided that a modification of land
seismic methods involving direct connection of the
energy source and sensors with the substrate stood
the best chance of success. A methodology was
devised which involved placing high-energy seis-
mic sources  in this case smail seismic explosive
charges! into the harbor bottom, below the level
where inuch of the biogenic gases accumulate. A
device was developed which would allow the
charge to be pushed into the substrate and then det-
onated from a surface vessel The sensors  in this
case a weighted 48-channel seismic bay cable with
hydrophones! were likewise laid out on the harbor
bottom such that the sensors would lie in the mud

on the harbor bottom, providing the best possible
connection with the substrate.

The seismic refraction survey was then con-
ducted in the same general fashion as a land seis-
inic survey. Multiple "shots"  middle, end, and off-
end! were collected for each hydrophone spread
laid out on the harbor bottom. Data was collected
with Geometries 24-channel and Oyo 48-channel
seismographs, similar to land refraction surveys.
Froin the very first "shot" set off in the harbor bot-
tom, it became apparent that the technique would
generate the kind of results that were required to
image the bedrock surface. The seismic refraction
records collected in the field  see Figure 2!
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Figure 3, Example seisopt-2D velocity model cross-sections of seismic lines with SIPT model overlay.

Figure 2. A sample seismic record showing first breaks,

displayed clear "first-breaks" for all channels
recorded, and the time-distance ratios apparent on
the records indicated that indeed, returns were
being clearly received from the bedrock surface,
The largest challenge yet to overcome was to
obtain accurate position information on each of the
shots set off in the harbor bottom, as weII as of

each of the hydrophones laid out on the harbor
bottom.

This information was obtained using a combi-
nation of GPS positioning equipment, and side
scan sonar underwater imaging equipment, The GPS
equipment was used to obtain accurate location

information on the shot points. Side scan sonar
was used to image the cable  which had been out-
fitted with acoustic side scan "targets" prior to
deployment! on the harbor bottom, and determine
the position of the hydrophones. The data was
processed using the same seismic refraction reduc-
tion software used for land seismic projects, Initial
processing was conducted using the SIPT process-
ing software  Scott l 973!, which generates "stick-
type" cross-sectional images of the bedrock sur-
face. Because the SIPT models developed for the
CDF areas indicated there was the potential for sig-
nificant fracturing and other irregularities in the
bedrock surface to exist, the seismic data was fur-

ther processed using seismic ray tracing, monte-
carlo approach software  Palmer, er al. 1980, Singh
1978!. The sections processed using the "SeisOpt-
2D" software  Optim Software! displayed the vari-
ations in seismic wave velocity in the subsurface.
These "velocity sections", when viewed in concert
with the SIPT cross-sections  Figure 3!, created a
clearer picture of the bedrock surface, indicating
the presence of several "low-velocity zones" which
are interpreted as fracture zones or areas of weath-
ered bedrock with overlying boulders. Sections of
the subsurface were produced I' or each of the seis-
mic lines, generating a three-dimensional structure
of the bedrock surface in the areas of the proposed
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CDF walls. Finally, a contour plan of the bedrock
surface along the alignment of the CDF walls was
produced. Design engineers used this contour map
to assess CDF design options. Work in New
Bedford Harbor continues, with additional borings
and seismic data processing leading to a better
understanding of the harbor subsurface,

CONCLUSIONS

The modification of a land-based seismic
refraction data collection method was applied to a
marine data collection problem with excellent
results. Information previously considered unat-
tainable is now available, providing a new method
of data collection for engineers seeking details on
the subsurface bedrock configuration in marine
environments. The benefits include a significant
increase in the volume of information available to
engineers concerning bedrock character  thus
improving interpretations and reducing risk!, and a
reduction in the cost of obtaining the information
that is considered necessary to make conclusions
concerning foundations in the marine environment.
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Handling and Treatment of Contaminated Sediments in The Netherlands
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ABSTRACT: From 2000 to 2010, about 200 million cubic meters of heavily polluted
sediment are expected to be dredged from the Netherlands. These sedhnents originate
both from environmental  remediation! as weH as maintenance cases. Since the 1990s,
major progress has been made together with many national and international partners
in tackling and improving our knowledge of contaminated sediments. Together, we
have conducted extensive research, formulated policy, set guidelines, built large-scale
disposal sites, performed remediation and reused dredged material within its area of
origin. The Dutch Ministry of Transport, Public Works and Water Management plays
a major role concerning the removal and disposal of contaminated sediment.

Recently a large-scale study involving an evaluation  cost and environment! of
sediment treatment and disposal options showed once again the necessity of regional
disposal sites. The same study also concluded that about 30% of the disposed
contaminated sediments could be reused using sitnple techniques like sedimentation
basins. Other recent studies have shown the feasibility of the use of local pits for the
long-term storage of contaminated sediments. If one is careful and selects only suitable
sites, an overaH efficiency of 99% can be achieved.

Key words: regional disposal sites, reuse, CDF, The Netherlands
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'Sludge from the Rhine': that is what
Napoleon Bonaparte called the Netherlands back
then. Although intended as an insult, this is an apt
description of the Dutch landscape, given the
enormous deposits of sediment in the 'settling
basin' that the Netherlands just happens to be.
Figure 1 shows the close relation between land
and water in the Netherlands. Although the quality
of this sediment is now somewhat better, in the

1960s through the 1980s it was anything but
clean. As a heritage from the past, we expect that
for the period from 2000 to 2010 alone, about 200
million m' of heavily polluted sediment will be
dredged. These sediments originate both from
remedial  environmental! as well as dredging proj-
ects. Since the 1990s, major progress has been

made together with many national and international
partners in tackling and improving our knowledge
of contaminated sediments. Together, we have con-
ducted extensive research, formulated policies, set
guidelines, built large-scale disposal sites, per-
formed rernediations and reused dredged material
within its area of origin, The Dutch Ministry of
Transport, Public Works and Water Management
plays a major role concerning the removal and
disposal of contaminated sediment.

The international and Dutch policy on contam-
inated dredged material  CDM! has successfully
led to the large-scale reduction of the discharge
sources in the rivers. To address the remaining
problems of CDM in Holland, an inventory of con-
talninated sediments was made. The Dutch quality
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I
class 4

Signaling value  heavy metals!

Warning level

Test value

Litnit value

Target-level

PROBLEMS

assessment uses 5 levels to express the degree of
contamination of the sediments. This class-system
is based on concentrations of known pollutants in
sediment and two soil characteristics  containing
organic and clay components!, Figure 2 shows the
classes used.

When sediment exceeds the warning level it is
regarded as a serious case Since actual risks are
strongly related to local conditions, a more detailed
hazard assessment is required, This hazard assess-
ment uses both chemical and biological parameters
to determine the actual risks. If the hazard assess-

ment shows no  high! actual risks the sediment will
be left in place. Only high-risk sediments will be
removed.

In case of dredging projects the actual risk will

~r Area subject to flooding iu the absence of river dikes
inpoldered low lying lands

~ Land gained oa the sea
~ Drained lakes

Figure 1. Map showing water management in The Netherlands.

Figure 2. Classes of sediment contamination used for concentration
assessment.

not be determined since it will be removed from the

system anyway. There are 4 destinations possible
after removal  spreading, reuse, treatment and dis-
posal!, Since spreading is not allowed for heavily
contaminated sediments, reuse mostly not possible
and treatment too expensive, most heavily contam-
inated sediments are disposed in large-scale con-
fined disposal facilities  CDFs!. Current Dutch pol-
icy focuses on the creating of sufficient disposal
capacity, intensive research on the assessment sys-
tem of CDM, and the execution of critical remedial

projects. We also try to improve the CDM treatment
possibilities,

Figure 3. A diagram of the Dutch contaminated dredged material
system.

There are still some problems that remain to be
solved:

~ The most important is the large volume of con-
taminated sediments in the system. Although
many discharge sources have been cleaned up,
the background concentrations of recent sedi-
ment is still far from clean.

~ The hazard-assessment is still developing
which makes it hard to predict future CDM
quantities and qualities.

~ Due to opposition mainly caused by Not In My
Back Yard  NIMBY!, realization of large dis-
posal sites  CDFs! is a big problem.

~ The last but not the least of the remaining
problems is the lack of operational treatment
facilities,
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CONCLUSIONS

DKvtL,OPMENTS

CDF: OFEN FITS

CONSEQUENCES OF NOT DEALING WITH THE

SEDIMENT

One could argue to leave the sediments in the sys-
tem as long as these problems are not solved.
Unfortunately this is not an option for the following
reasons;

~ Increased threat of flooding in the river systems:
~ this can lead to both a disastrous situation

economically and result in loss of human lives,
~ uncontrolled spreading of contaminated
sediments.

~ Hindrance for commercial and recreational

shipping;
~ Environmental risks:

~ eII'ects on water for thinking and swimming,
~ dispersion of contaminated sediments,
~ loss of ecological values,

There are some important developments that
may help solve some of the problems concerning
CDM. Recently a large-scale study involving an
evaluation  cost and environment! of sediment
treatment and disposal options showed once again
the necessity of regional disposal sites. The same
study also concluded that about 30% of the dis-
posed contaminated sediments could be reused
using simple techniques like sediinentation basins.
Other recent studies have shown the feasibility of
the use of local pits for the long-term storage of
contaminated sediments,

In the Netherlands open pits are not yet accept-
ed for use as CDFs. Since there are a number of

pits  created from gravel and sand exploration! and
there are increasing problems to create atoll-like
CDFs  e.g., the Slufter in Rotterdam!, the Aquatic
Sediment Expert Center  AKWA! examined the
use of open pits serving as a CDF. One of the
biggest advantages of open pits is the reduction of
the NIMBY effect  less visual impact!.

The study concluded that the largest sediment
losses occur during filling. The largest influence on
sediment losses during filling is the current.
Although a stronger current will lead to a larger net
loss, the risks will decrease with stronger currents,

This opposite effect  higher loss, less risk! is
caused by dilution of the pollutants, It is important
to be selective with disposal techniques, not all are
suitable for filling a pit. If one is careful and
selects only suitable sites, an overall efficiency of
99% can be achieved.

Handling CDM is a major concern in the
Netherlands. In the next ten years alone about 200

million m of CDM will be removed from our

waterways, To determine the toxicity and reuse
possibilities of CDM, a class system is used,
Although knowledge of risk assessment is avail-
able it still needs to be implemented to upgrade the
Dutch CDM system, Since there is not enough dis-
posal capacity it will be necessary to use simpler
treatment methods to reduce necessary CDF capac-
ity. Since only 30% of CDM is suitable for treat-
ment, up-scaling treatinent facilities will not solve
the entire capacity problem: additional CDFs must
be constructed. Open pits can be a good option as a
CDF.



DREDGING AND DISPOSAL OF CONTAMINATED SEDIMENT IN THE NETHERLANDS 69

Dredging and Disposal of Contaminated Sediment in The Netherlands
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ABSTRACT: The results of the Dutch research prograni on the development of
remediation techniques for contaminated sediments  POSW! were published in 1997.
One of the key conclusions was that complete transformation of contaminated sediments
to reusable products was not economically feasible. Based on the results of this program
politics decided to focus remediation on dredging and storage of the contaminated
sediments in regional Contained Disposal Facilities  CDF!. The priorities based on the
available budgets are to remove the contaminated sediments from the water system and
to store them safely in these CDFs.

Dredging techniques have been developed to dredge selectively the contaminated
sediments with minimal negative impact on the surrounding environment.
Optimization of the use of the CDF by minimizing the volume to be finally stored is a
key item. This will be achieved with a combination of surgical dredging of' the
contaminated sediments and the use of lowest treatment techniques, such as soil
washing, sand separation, ripening, land farming and CDF-management.

CDFs are in different stages of development: operation, construction, and design in
combination with public outreach programs. In order to optinuze the total remediation
process, it is essential that all stages between pre-investigation, dredging, treatment and
final storage fit together. For each project the aspects of unportance must be recognized
and implemented in the selection of' the working method. Based on the experiences with
the execution of various remediation projects key items of this process will be addressed.

Key words: remediation, dredging techniques, processing, CDF, The Netherlands

INTRODUCTION
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In the mid-1970s, awareness grew that many
of the sediments in the Dutch waterways were too
polluted for disposal in the North Sea or to be
used for unrestricted upland disposal. The Dutch
water system forms part of the delta of two of the
major rivers in North Western Europe, the Rhine
and the Maas. The sediments of these rivers settle

in the Dutch estuaries, including the pollutants
that were discharged into these rivers along their
course from Switzerland, France, Germany and
Belgium. The port area of Rotterdam, the main

port to the hinterland covered by these same
rivers, needed sufftcient depth to receive the deep
draft vessels. Maintenance dredging, with a yearly
volume of 20-25x10 m, is essential for the exis-

tence of the Port of Rotterdam. The contaminated

sediments were not permitted for disposal at sea
anymore in the mid-19SOs.

In combination with an active source control

program, the Ministry of Public Works and the
Port of Rotterdam decided to construct a CDF at

the mouth of the access channel to Rotterdam,

This CDF was intended to receive the contaminat-

ed sediments during a period of fifteen years. It
was expected that after these 15 years, source con-
trol would be effective and all dredged sediments
should be suitable for ocean disposal. The
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DUTCH POLICY

REMEDIATION HISTORY

"Slufter" CDF was commissioned in 1987 and it

has a capacity of 200 million cubic yards. Now, in
November 2000, a volume of 100 million cubic
yards has been stored in the Slufter. After the suc-
cessful "Rhine Action Plan" reduced the pollution
at the source, the quantity of newly deposited, con-
taminated sediments was reduced substantially,
Annually, 5 million cubic yards of newly deposited
sediments is stored in the Slufter. Substantial vol-

umes of sediment from remediation projects up to
a distance of 150 miles from Rotterdam have been

stored in the Slufter. The Slufter, due to its scale,
is still the most economical disposal facility in The
Netherlands, The actual disposal cost is US $5 per
cubic yard measured in the barge,

Figure 1. The Slufter Contained Disposal Facility.

Most of the contaminated sediment in the
Netherlands contains a great variety of contami-
nants resulting from the settlement of large quanti-
ties of suspended sediment from the Rhine and
Maas rivers in the Dutch Delta, In addition, in The
Netherlands, a few dozen hot spots exist due to
contamination by the local industry. The first
remediation projects were issued in 1988 by means
of a contest where the dredging and treatment
industry were challenged to propose innovative
solutions. These projects suffered from many
problems during the full-scale application of the
new technologies, Forttulately, a valuable learning
process was set in motion.

During this time, the "Development Program
on Remediation Processes for Contaminated

Sediments"  POSW! was set up and lasted from
1989 to 1996. This research program focused on
site investigation, dredging, treatment and storage
of contaminated sediments. Both pilot and full-
scale tests were implemented on many techniques.
Dredging companies participated actively in this
program and special equipment was developed and
improved by the execution of full-scale projects.

The conclusions of the POSW program are that
sophisticated cleaning techniques for dredged sedi-
ments are technically feasible, but are extremely
expensive. Minimizing the volume to be stored by
selective dredging and applying low-cost techniques
such as sand separation  soil washing! and dewa-
tering are the techniques within financial
limitations.

Budgets for remediation of the Dutch water
system are limited. The maximum benefit for pub-
lic health, taking into account this limited budget,
is obtained by remediation of the waterways and
storing the sediments safely in CDFs, For the
clean up of the waterways, adequate dredging tech-
niques focused on high accuracy and minimal tur-
bidity and spillage are critical. Large regional
CDFs are the most economic solution because of

the size and economy of scale. Additionally, low
cost techniques such as sand separation by means
of sedimentation or settlement basins and/or hydro-
cyclones are promoted to optimize the capacity of
the CDFs and obtain material for beneficial reuse

at a reasonable cost. In the meantime, investiga-
tions for cleaning techniques continue at a modest
level,

DREDGING OF CONTAMINATED SEDIMENTS

During the execution of the first remediation
projects in the late 1980s, grabs in combination
with surrounding silt screens were the rule.
Evaluation of these projects revealed that this con-
figuration, both from an environmental and an
operational point of view, was far from optimal.
Accuracy of dredging operations to improve the
clean-up result and minimize the volume of clean
sediments stored in CDFs became more important,
Limits were set on turbidity and spillage. This has
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HmRAULtC DREDC tNC,

PROJECT EXAMPLE

Figure 2. The Auger Dredge

lead to the development of a series of specialized
remediation dredging tools. The introduction in
1996 of the Real Time Kinetic  RTK! satellite posi-
tioning systems contributed substantially to
improve the accurate positioning of the dredging
equipment. The accuracy with the new RTK sys-
tems is in the order of 5 cm in all three directions.

Various hydraulic dredges equipped with a cut-
ting device or knife to make a clear-cut level have
been developed by the different dredging compa-
nies. The cut material is hydraulically transported
directly to a dredge pump. These dredges are
appropriate for dredging areas where minimal
debris can be found. In those areas, these dredges
are most effective and the following features are
the key to successful remediation:
~ High accuracy for selective dredging;
~ Minimal turbidity generation;

Clean cut with minimal spill;
Degasification systems installed;

~ A flow control system to minimize the volume
of water added;

~ An active cutting device to cut cohesive and/or
sandy sediments;

~ Sediments transported via a closed pipeline
system, which avoids risk of personal contact;
The production rate is substantially higher than
mechanical dredging devices.

Figure 3. The Environmental Disc Cutter Dredge

The Ketelmeer, a lake situated at the mouth of
the Ijssel river, one of the branches of the Rhine,
with a length of 10 miles and a width of 3 miles, is
a real sedimentation basin for the sediments trans-

ported by the Ijssel. The upper 30-60 cm of the
fine sediment is contaminated. Due to its shallow

water depth of less than 3 meters, sediment resus-
pension occurs at a big scale due to waves and
shipping. The sediment volume to be remediated is
15 million cubic yards. To store these sediments,
the regional CDF named "Ijsseloog"with a capacity
of 30 million cubic yards has just been commis-
sioned. Separation basins next to the CDF have
been constructed for low cost sand separation.

Before defining the parameters for the remedi-
ation, a dredging contest was established where
promising dredging techniques could demonstrate
their capabilities. A temporary CDF was construct-
ed for this purpose. Participating thedges were:
~ Environmental Disc Cutter Dredge,
~ Auger Dredge,
~ Sweep Dredge, and
~ Environmental Bucket Ladder Dredge.

All dredges passed the test criteria. One of the
aspects learned was that more attention had to be
paid to an accurate and reproducible position of the
interface between contaminated and clean sediments,

The accuracy of bathymetric surveys needed more
attention to be able to measure within the required
accuracy. Calibration of the fathometer was
improved by the construction of a fixed underwater
benchmark. The full-scale remediation of the

Ketelmeer started in September of 2000. The
Environmental Disc Cutter Dredge and the Auger
Dredge are operating on this project.
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Figure 4. CDF "Ijsseloog" in Ketelmmr Lake

MECHANICAL EXCAVATION

Many areas, where remediation projects have
to be executed, are in industrial or urban areas
where debris will be encountered. Debris is a

major problem for hydraulic dredging processes;
therefore in those cases where debris may be
expected, mechanical dredging is effectively the
only option. For the Elburg remediation project,
Boskalis developed the Horizontal Profiling Grab,
HPG, in combination with the Crane Monitoring
System, CMS. This grab is specifically designed to
excavate thin layers of material with a high accuracy,
causing minimum spillage and turbidity. The hori-
zontal profiling grab bucket provides a level cut as
compared to a conventional clamshell bucket's
semi-circular or arched cut. The horizontally closing
Profiling Grab is connected via a swivel to a
hydraulic excavator. In combination with an active
rotator, this system permits accurate positioning
and the dredging of a parallel cutting pattern, thus
eliminating ridges or windrows after dredging. The
large "footprint" of the bucket fosters optimum
production in thinner layers of material. Because
hydraulic cylinders actively and forcefully close
the grab, its vulnerability to debris has proven to
be minimal. The grab is fitted with vents, which
open when the grab opens and closes when the
grab closes. In this way the grab itself is a con-
tained area in which the contaminated sediments

are enclosed, and minimal turbidity and spillage
are generated during the lifting of the grab through
the water column and above the water surface.

The grab is used in combination with the
Crane Monitoring System where the actual bottom
level, grab position, and levels after dredging are

visualized. Design and actual bottoin levels are
presented in Digital Terrain Models  DTM!. The
CMS works by combining signals from the excava-
tor boom, stick, and bucket hinges, signals from
the swing of the excavator, the horizontal and ver-
tical position of the RTK antenna, and the list, trim
and orientation of the barge. These signals are
assimilated in a computer that displays the entire
barge system in an animated and graphical format.
The digital pre-dredge hydrographic survey and the
configuration of the levels to be dredged are visu-
alized. The operator can dredge in pre-set configu-
rations or patterns based on a planned horizontal
and vertical grid. The graphical display gives a
record of the historical bucket position and grade
achieved during a particular anchor set. The HPG,
in combination with the CMS, has proven its effec-
tiveness on various remediation projects. During
the summer of 2000, Bean Environmental LLC

realized a pilot dredge test successfully with this
system at The New Bedford Superfund site in
Massachusetts.

Figure 5. Horizontal Profiling Grab  HPG!

CDF MANAGEMENT

In the Netherlands, contaminated sediments
that do not comply with any criteria for beneficial
reuse are stored in CDFs. The large regional CDFs
are all atoll-like wet CDFs. Only in special cases
are sediments stored in upland dry CDFs. After
dredging, the sediments are transported directly
either by pipeline, scows, or self-propelled vessels
to the CDF. Unloading of the barges is accom-
plished with a barge unloader. Before the hydraulic
transport, some sieving or separation process must
remove coarse debris, Sieving devices, such as
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Figure 6. Sand separation at the Siufter CDF,

rotating sieve drums or big rock boxes operated by
remote controlled valves, have proven to be more
effective than static grizzlys for debris removal.
When unloading or transporting sandy material, the
sand is separated either by separation  sedimenta-
tion! basins and/or hydro-cyclones. With these low
cost techniques, space can be preserved in the CDF
and material for beneficial reuse is obtained. The

slurry is disposed of in the CDF by means of a dif-
fuser installed close to the bottom for rapid settle-
ment of the sediments and to minimize turbidity.

In case sediments have to be stored in dry dis-
posal facilities  landfills!, often dewatering is nec-
essary to facilitate placement of the sediments in
the dry landfill. It may also be economically
advantageous to dewater these sediments when a
tipping fee-per-ton is charged. Dewatering can take
place by natural drying or mechanical dewatering,
In natural drying, sediments are pumped in basins
with a maximum layer thickness in the order of 1
meter. By means of excavating dewatering ditches
and creating heaps, with normal earth moving
equipment, drying is set in motion. In the North
%'est European climate, annual cycles normally
provide material suitable for fuial disposal in a dry
landfill. This method is relatively inexpensive, but
also asks for an extensive surface area with suffi-
cient control measures to avoid contamination of

the surrounding areas. Mechanical dewatering of
dredged sediments has also been applied at full
scale on various projects. The advantages are mini-
mum space and time required for processing, and a
more controlled process than in the case of natural
drying.

CONCLUSIONS

An integrated approach of all process steps is
essential to come to a successful execution of
remediation projects.
Debris is a key element in the design of the
remediation method.

To achieve a successful selective removal of

contaminated sediments, maximum attention

must be given to accurate site characterization
by reproducible pre-investigation and surveying
techniques.
Dredging techniques capable of removing con-
taminated sediment with high accuracy, mini-
mum turbidity, resuspension, and spillage are
operational at full-scale projects.
As budgets are limited, the maximum benefit
for public health is obtained by remediation of
the waterways and safe storage of these sedi-
ments in large Confined Disposal Facilities.
To preserve space in the CDFs and maximize
the volumes for beneficial re-use, low-cost
techniques as soil washing and sand separation
located nearby the CDFs are part of the
process.
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ABSTRACT: Operable Unit No. 1 of the New Bedford Harbor Superfund Site will
involve the dredging of approximately 750,000 yd3 of PCB contaminated sediments and
disposal of the sediments in near shore confined disposal facilities. Wastewaters
generated as part of this remedial action will require treatment prior to discharge back
into the harbor.

In September 2000, a 165-gpm pilot study was conducted to evaluate the effectiveness
of proposed water treatment system to meet the discharge requirements of 0.065 ppb
 per Aroclor! for PCBs. The pilot system consisted of: an inclined plate clarifier,
chenucal addition, sub-micron sand filtration and carbon adsorption. The existing
UV/Oxidation system utilized during the Hot Spot sediment removal  Operable Unit
No. 2, 1994-95! was also evaluated. The results and conclusions of the paot study will be
presented.

Key words: contaminated sediments, PCBs, water treatment, CDF, New Bedford Harbor, MA
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The New Bedford Harbor Superfund Site  the
Site!, located in Bristol County, Massachusetts,
extends from the shallow northern reaches of the

Acushnet River estuary south through the com-
mercial harbor of New Bedford and into 17,000

adjacent areas of Buzzards Bay. Industrial and
urban development surrounding the harbor has
resulted in sediments becoming contaminated with
high concentrations of many pollutants, notably
polychlorinated biphenyls  PCBs! and heavy met-
als, with contaminant gradients decreasing from
north to south. From the 1940s into the 1970s two

electrical capacitor manufacturing facilities, one
located near the northern boundary of the site and
one located just south of the New Bedford Harbor
hurricane barrier, discharged PCB-wastes either
 hrectly into the harbor or indirectly via discharges
to the City's sewerage system.

The New Bedford Harbor Site has been divided

into three operable units  OU! or phases of site
cleanup: The hot spot operable unit  OU ¹2!, the
upper and lower harbor operable unit  OU ¹1!, and
the Buzzards Bay or outer harbor operable unit.
This paper presents the results of a pilot-scale
water treatment study conducted in support of the
water treatment system design for OU ¹1.

BACKGROUND

In 1994, a 350 gallon per minute  gpm! water
treatment plant  WTP! was constructed at the New
Bedford Harbor Superfund Site  Figure 1! to treat
wastewaters generated during hydraulic dredging
of the Hot Spots sediment  PCBs > 4,000 mg/L!
removal activities  OU ¹2!. The WTP consisted of
an equalization basin, chemical addition, a settling
basin, sand filtration, cartridge filtration, and one
�! 270 kilowatt  kW! Ultraviolet  UV!/Oxidation
system. The WTP operated from April 1994 to
September 1995 and treated approximately 160
million gallons of water. The discharge liinits for
PCBs and heavy metals for OU¹2 are presented in
Table 1.
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PROCESS DESCRIPTION
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Figure 2. Layout of the pilot-scale treatment system at the New Bedford Harbor Superfund site.

of GAC, it was determined to conduct a pilot-scale
test of the proposed WTP system,

The pilot-scale wastewater treatment system
was operated from September 11, 2000 through
September 29, 2000 and treated approximately 1
million gallons of water generated during the
dredging pilot study. The treatment system consist-
ed of chemical addition  alum, polymer!, an
inclined plate clarifier, ultra-fme  �.45 p,m! sand
filtration, and GAC adsorption. Portions of the
existing WTP were utilized to conduct the pilot
scale tests and the existing UV/Oxidation system
was also evaluated using the more aggressive fil-
tration system, The site layout of the pilot scale
treatment system is shown in Figure 2 and more
detailed descriptions of the individual unit process-
es are provided in the following sections.

CDF CELL ¹1

As was done during OU¹2, sediments dredged
during the dredge pilot study were discharged to

CDF Cell ¹1. The resulting supernatant was then
pumped frofn the CDF Cell ¹1 to CDF Cell ¹2
using a portable pump located at the site. In order
to control the concentration of total suspended
solids within the supernant, flexible hose and
adjustable piping were used to pump water from
varying depths within the cell. The average con-
centration of PCBs within the dredged sediments
was 400 mg/l.

CDF CELL ¹2

CDF Cell ¹2 was utilized as an equalization
basin prior to the wastewater being pumped to the
inclined plate clarifier. Utilizing CDF Cell ¹2
eliminated any mixing effects that could occur as
the fledged slurry was discharged into CDF Cell¹1
and provided for a more consistent and representa-
tive wastewater stream entering the water treatment
system.

INCLINED PLATE CLARIFIER

Wastewater was pumped to the inclined plate
clarifier from CDF Cell ¹2 at approximately 100 gprn,
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Both alum and polymer were added inline to the
influent water before the clarifier flash/slow mix

tanks. The pilot scale inclined plate clarifier,
which was obtained from another Superfund site,
had a capacity of approximately 2,500 gallons and
provided a residence time of 25 minutes,

The resultant flocculent settled to the bottom

of the clarifier and the effluent gravity flowed into
CDF Cell ¹3, The accumulated sludge was
pumped from the bottom of the clarifier into a
diaphragin plate and frame filter press for dewatering
or back to CDF Cell ¹1.

CDF CELL ¹3

CDF Cell ¹3 was utilized as an equalization
basin for the filtration and tertiary treatment sys-
tems, Due to the flowrate differential between the

clarification and filtration processes, influent water
to CDF Cell ¹3 accumulated at 100 gpm for the
first several days of the study. Once approximately
200,000 gallons of wastewater had been collected
in CDF Cell ¹3, the existing sump pumps were
used to pump the water at 165 gpm  minimum!
through an ultrafine �,45 Nm! sand filtration unit
and subsequently to the GAC polishing units. The
CDF Cell ¹3 pumps were operated for 10 hours per
day. The increase in the effluent flow rate �00 gprn
vs. 165 gpm! was necessary due to the minimum
flowrate reqiurement �65 gpm! of the existing
WTP.

SAND FILTRATION

The sand filtration unit was rated for 0.45

micron nominal filtration and was sized to reduce

the total suspended solids  TSS! from 30 rng/L
 ppm! to less than 5 ppm. The sand filters were
operated at a flow rate of 165 gpm. A recirculation
flow rate of 225 gpm was maintained in order to
achieve optimal filtration. All backwash water
necessary for the periodic cleanout of the sand fil-
ters was returned to CDF Cell ¹1,

GRANULAR ACTivATED CARBoN  GAC!

Four 3000 lbs. GAC vessels � sets of 2 carbon
vessels in parallel! were placed immediately after
the sand filtration to ensure compliance with the

discharge criteria. These GAC vessels were capable
of treating a flow rate of 280 gpm, however they
were norinally operated at a flow rate of 165 gpm,
The effluent from the GAC vessels was then dis-

charged to the harbor.

UV/OXIDATION

After completion of pilot testing using the
GAC treatment system, the existing UV/Oxidation
unit was used to treat the wastewater for an addi-

tional five days at a flow rate of 165 gpm  mini-
mum!. Effluent from the UV/Oxidation unit
flowed through the four GAC vessels for final
polishing prior to discharge to the harbor.

PILOT SCALE WTP RESULTS

Water samples were collected before and after
each of the unit processes. The water sainples
were analyzed for turbidity, PCBs, dissolved met-
als  cadmium, copper, chromium, and lead! and
total metals. However, since only PCBs and cop-
per were detected above the discharge limits in the
influent stream, only these data are summarized in
Table 2.

The data collected indicates that the contami-

nants present within the wastewaters are strongly
associated with the suspended parlicles and by
removing these suspended solids the majority of
the contaminants can be removed from the waste-

water stream. However, due to the source of the

wastewater  seawater! there are colloidal particles
present, which flocculation, clarification and filtra-
tion alone cannot remove. The concentration of

PCBs and copper associated with these colloidal
particles is sufficient enough that the wastewater
could exceed the discharge limits for OU ¹1,
Therefore, some type of tertiary treatment  GAC or
UV/Oxidation! will be required in order to achieve
the discharge limits for OU ¹1.

CONCLUSIONS

Based on the data collected during the pilot
scale WTP testing, the following conclusions were
inade for each of the process operations:
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HEAVY METALS REMOVAL

SAND FILTRATION

Table 2. SummatY of pilot scale WTP results: average PCBs and
copper concentrations

'See Figure 2 for stream identifications

INCLINED PLATE CLARIFIER

An inclined plate clarifier can effectively
remove the majority of suspended solids present in
the influent stream. The addition of alum and

polymer was shown to effectively reinove suspend-
ed solids present thus reducing the load to the fil-
tration system and increasing the effectiveness of
the tertiary system  GAC or UV/Oxidation!. The
data indicates that the heavy metals are more closely
associated with the larger suspended solids that
were removed in the clarifier and that the PCBs

have more affinity to the smaller pin flo particles
that settled out in CDF Cell ¹3,

The sand filtration system was promoted as
being able to remove �.45 p.m particles.
However, the test data indicates that due to the col-
loidal particles present, the sand filters were only
about 60% effective in removing these particles.
Therefore, while the sand filters were effective in
reinoving suspended solids, traditional sand filtra-
tion systems  < 10 pm! will likely be just as effec-
tive. The concentrations of the contaminants with-

in the wastewater stream did not significantly
change after passing through the sand filter.

TERTIARY TREA~  GAC YERsUs
UV/OxrD ATION!

Both the GAC and UV/Oxidation systems
were shown to be capable of achieving the dis-
charge limit for PCBs during the pilot test.

However, it should be noted that the UV/Oxidation
system was only run at half of its flow capacity
and as a result the wastewater steam was exposed
to twice as much energy, Historical data indicated
that the existing system will not be able to meet the
lower discharge limits when operated at its design
capacity of 350 gpm. In addition, the
UV/Oxidation system was not designed for and as
a result did not remove the dissolved metals pres-
ent in the wastewater stream. While not selected

for that purpose, GAC was also able to reinove the
dissolved metals such that the discharge stream
met ail the discharge requirements.

The existing WTP was not designed to remove
dissolved heavy metals present in the wastewater
stream and the historical operational data indicated
that by removing the majority of the suspended
solids the heavy metals discharge limits could still
be met. As a result of the OU¹2 operational data,
it was determined that the OU¹1 WTP would not

require a dissolved metal removal system.
The pilot scale data indicate that the dissolved

copper concentrations were above the discharge
limits and, as a result were not removed in the clar-
ification, filtration and UV/Oxidation processes,
However, the dissolved metals were reinoved to
below the detection limit in the GAC system. This
likely is a result of the GAC being able to further
filter the wastewater and remove the colloidal par-
ticles that are present in the wastewater stream. In
addition, GAC is capable of removing trace
amounts of dissolved metals due to the particle
charges of the material.

FLExlBILITY oF GAC vs. UV/Ox

Previous studies have indicated that

UV/Oxidation can achieve the desired discharge
limits if the influent concentration of PCBs does

not exceed 2 ppb. Therefore, if the PCB concen-
tration greatly exceeded this level the removal
effectiveness would decrease unless the system
was designed to handle a higher PCB concentra-
tion. The treatment effectiveness of GAC on the

other hand is primarily dependent on the absorp-
tion capacity of the carbon. If the concentration of
PCB varies in the influent, it would only result in
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more carbon being exhausted. While this would
affect the OkM economics if the concentration

remained above the design PCB concentrations, it
would not result in an exceedence of the discharge
limit,

RECOMMENDATlONS

The anticipated wastewaters resulting from
OU¹1 sediment dredging can be treated effectively
with a WTP that consists of chenucal addition,

clarification, filtration and carbon adsorption. A
water treatment plant which includes GAC would
1! provide for a more flexible treatment system, 2!
reduce both PCB and heavy metal concentrations
to below the discharge limits, and 3! result in sub-
stantially lower capital, and annual ORM costs,
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ABSTRACT: Municipal sewage was placed in geotextile bags to evaluate the
dewatering and consolidation capabilities of large geotextile tubes and effluent water
quahty. A proposed ASTM test method for determining the flow rate of suspended
solids from a geotextile containment system for dredged inaterial was used to conduct
tests to deterinine the efficiency of different combinations of geotextile filters. As water
passed through the geotextile tube, samples were collected during, iminediately after
and daily for several weeks to determine the total percent suspendetl solids  TSS!, heavy
metals, and bacterial count. The quality of pore water or effluent passing through the
geotextile container systems proved to be environmentally acceptable for discharge into
the Mississippi River and/or return to the treatment plant. The test results indicated a
significant reduction in the sludge volume in the geotextile tube.
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The United States Environmental Protection

Agency and the Mississippi Department of
Environmental Quality have restricted the use of
inany types of waste lagoons such as those operat-
ed by mtmicipal drinking water and sewage waste
water treatment facilities. The regulatory agencies
have issued orders to restrict the use of these facil-

ities, but have failed to provide an economical
solution for future waste disposal. Dewatering
applications for fine-grained soil from navigation
dredged material maintenance projects and sludge
lagoons have been limited. Geotextiie containers
filled with dredged material offer the advantage of
ease of placement and constructability, cost effec-
tiveness, minimal impact on the environment, and

confidence in containment. In addition to filling
with sandy materials, geotextile containers filled
with fine-grained maintenance dredged material
provide the opportunity for beneficial use, storage,
and subsequent consolidation of this material in
dike construction and wetland construction. It has

been demonstrated that these geotextile containers
retain about 100 percent of the fine-grained main-
tenance dredged material, therefore retaining the
contaminants, The purpose of this deinonstration
test was to evaluate the dewatering and consolida-
tion capabilities of large geotextile tubes for
municipal sewage sludge and the water quality of
the effluent passing through the geotextile filter
fabric. The scope of this paper is to present the
results of the laboratory and field tests, to evaluate
the filling methods and techniques, and to evaluate
the consolidation and dewatering behavior of a
geotextile tube filled with sewage sludge.
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BAcKGRoUND AND CAsE HrsToRiEs

Since the late 1980's, several thousand geotex-
tile bags, tubes and containers ranging in sizes from
1 to 3,000 cubic meters have been successfully
filled with a variety of fill materials in The
Netherlands, Germany, France, Japan, Brazil,
Australia and the United States and used as sub-

merged stability berms, groins, sill structures for
controlling thalweg erosion, scour protection
around piers, contraction dikes, dredged material
contairunent and disposal of clean and contaminat-
ed materials. For example, geotextile tubes filled
hydraulically with fine-grained sand were used
extensively on the northern shores of the
Netherlands for barrier dikes for subsequent
hydraulic fill behind the dikes  Krystian 1994!.

The US Army Corps of Engineers  USACE!
demonstrated that geotextile tubes 4.6 m �5 ft!
wide and 152 m �00 ft! long and 1.5 m � ft! high
could be filled with fine-grained dredged material
for potential use by the Corps of Engineers for dike
construction and wetland creation at Gaillard

Island Dredged Material Disposal Island, Mobile,
AL  USACE 1992!, Vegetation growth through
containers was very promising; natural propagation
occurred after the tubes were filled and the materi-

al began to consolidate. The dredged material, at
an initial wet bulk density of 1.3 g/ml in the geot-
ubes, consolidated 70% from an initial height of
about 1.2 m �8 in! to about 0.4 m �5 in! in about
two months.

Geotextile containers, which are dumped either
from dump trucks or split hull, bottom dump hop-
per barges, have been used successfully to con-
struct underwater stability berms, closures for
repair of breached dikes, groins, and thalweg scour
protection  Duarte et al. 1995!. These containers
have been hydraulically and mechanically filled
inside split hull, bottom dmnp hopper barges,
moored in place, and dumped. Design concepts for
material tensile strength, seaming requirements,
and properties with regard to creep, abrasion, ultra-
violet protection, tear, and puncture were docu-
mented under the Construction Productivity
Advancement Research program at WES.

SEwAGE SLUDGE DEwATERING TEsTs

GEOTEC Associates and Nicolon Corporation

have successfully demonstrated that large geotex-
tile bags and geotubes can filter and dewater
sewage sludge and retain almost 100 percent of the
fine materials. This was achieved in August, 1995,
when lime and aluminum sulphate wastes from the
Eagle Lake and Culkin Water Districts, Vicksburg,
Miss., disposal lagoons were placed in two geotex-
tile bags and one geotube  donated by Nicolon
Corp.! and closely monitored for filtration and con-
solidation testing.

The US Environmental Regulatory Agency has
required wastewater managers under 40 CFR, Part
503 Regulation and Specific Guidelines, to find
other alternatives for dewatering and disposal of
sewage sludge, preferably beneficial alternative,
such as combining green waste, fly ash, kiln dust,
and/or lime waste and dewatered sewage sludge for
land applications. W'astewater managers have been
directed to discontinue use of lagoons and submit
alternative methods of disposal for approval.

BAG TEsT REsULTs

There was limited control over the percent
solids for filling the bags on any given day from
the sludge digester. However, there did not appear
to be much difference in the time of dewatering of
the lower or higher percent solids content materi-
als. The higher moisture content sludge material
took about 5 days and the lower moisture content
materials took about 4 days to achieve about 90
percent consolidation. There also did not appear to
be a significant difference in the dewatering capa-
bilities of the nonwoven polyester, Bag 1, versus
the polypropylene inner liner, Bag 2. The percent
solids, moisture content and wet density
approached approximately the same density in
about the saine amount of time regardless of the
initial sludge properties, After a soil filter cake
built up on the fabric, the total percent suspended
solids  TSS! for both bags stabilized. The initial
percent solids in Bags 1 and 2 was 6.6 to 14.9%.
The maximum percent solids increase for Bags 1
and 2 was 31% and 33%, for 128 and 132 days,
respectively. The TSS passing through the nonwo-
ven polyester geotextile fabrics, Bag 1, performed
slightly better than the nonpolypropylene fabrics,
Bag 2. TSS for effluent water passing through the
polyester fabric was less than 26 mg/1 after 11 min-
utes of drainage and consolidation time. Bacterial
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HEAYY METAL TEsTs

GEOTUBE FABRICATION

fecal coliform count decreased to less than 100,000
colonies per 100 ml or to a class A material in less
than 29 minutes. These tests are not conclusive and

it is recommended that a battery of tests be con-
ducted under a more controlled environment.

Heavy metal content tests were conducted on
the effluent water samples passing through the
inner liner and outer fabrics for Bag 1  polyester
nonwoven inner liner! and Bag 2  polypropylene
nonwoven inner liner!. The results of these tests
indicated that arsenic was 1.4 to 1.52 mg/1 in the
unfiltered sludge and was 0.008 mg/l to nondetect
 ND! after passing through the geobag fabrics.
Chromium was 1.9 to 4 8 mg/1 in the unfiltered
sludge and ND after filtration through the geobag.
Nickel was 3.2 to 5.8 mg/1 before and 0.13 m/l to
ND after passing through the geobag. The detec-
tion limits for arsenic, chromium and nickel were

0.005, 0.04 and 0.01 mg/1 respectively.

GEOTEXTILE GEOTUBE TESTS

The Nicolon Corporation provided a surplus
geotube from a US Corps of Engineers project,
Baltimore District, for this research project. The
geotube consisted of a 5.3 N/m2 �6 oz/sy! nonwo-
ven polypropylene inner liner and a woven
polypropylene outer liner for support. The geotube
was 4.6 m �5 ft! wide and 9.1 m �0 ft! long.

The outer bag liner consisted of Nicolon
Geolon GT 500, which is a woven polypropylene
fabric that was initially used in geotube construc-
tion. Contractors had problems with failure of
these fabrics because they neglected to monitor the
inlet pressure during filling. Another problem with
woven polypropylene fabric is its tendency to fail
under high loads due to creep. Because of their low
creep properties it is recommended that polyester
fabrics be used in all geotube designs unless other-
wise specified. The woven polypropylene fabric
had an ultimate wide width tensile strength of 70
KN/m �00 pli! in the warp and weft. The tests
were conducted using ASTM D 4595  ASTM
1986! and ASTM D 4884  ASTM 1990!, The

maximum strain was 20 percent in the warp and
weft, respectively. The apparent opening size
 AOS! was a US Standard sieve number 40-70.

The inner geotube liner consisted of a 5.3
N/m~ �6 oz/sy! nonwoven polypropylene geotex-
tile fabric The polypropylene inner liner has an
average thickness of 185 mils, The average grab
tensile strength for the polypropylene was 61
KN/m �50 pli!. The purpose of the nonwoven fab-
ric was for retention of the fine sludge material.
The AOS for the polypropylene nonwoven fabric
was a US Standard sieve number 100,

The woven polypropylene fabric seams for the
geotube was about 44 KN/m �50 pli! in the warp
and weft. All seams were "J" seams. Seams con-

sisted of type 401, double lock stitches that were
sewn with a double needle, Union Special Model
¹80200 sewing machine. The machine is capable
of sewing two parallel seams about 0,6 cm �,25 in!
apart, The thread was a 2 ply 1000 denier passing
through the needles and 9 ply 1000 denier passing
through the looper.

GEOTUBE DATA AND ANALYSIS

A 15 cm � in! high wooden frame was con-
structed to form a box 4.9 m �6 ft! wide and 9.7 m
�2 ft! long, The box was lined with a 4-mil thick
visqueen liner to contain the effluent water &om
the geotube. The quired pressure, 207 Pa �.3 psi!,
to fill the geotube to a height of 1.5 m � ft! was
determined using a computer program, GEOCOPS.
The geotube consolidated 90 percent of its initial
height, or area, in the first 26 days after filling,
Using geotechnical consolidation theory and an ini-
tial measured percent solids of 8 percent, an
assumed specific gravity of 2.5, the wet bulk density
was determined to be 1.05 g/ml. After 32 days, the
wet bulk density was 1.13 g/ml and the percent
solids was 19.2%. After 65 days, the wet bulk
density was 1.27 g/ml, and the percent solids was
21.0%.

Volume loss and flow rates during the primary
self weight consolidation of the sewage sludge in
the geotube averaged about 0.06 rn3 �5 gallons!
daily. After about 26 days loss rates decrease as the
geotube accumulates solids during consolidation.
The geotube held about 2 cubic yards per linear
foot for a 4.6 m �5 ft! wide tube or approximately
45.4 m3 �2,000 gal!, whereas a 1 2 m �8 in!
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circumference bag 1.5 m � ft! long only held
0.18 m �8 gallons!, The geotube held about 1.5 m
�04 gal! of sludge per foot. The results from the
bag tests may not be used directly to predict geotube
performance.

Initially, the geotube was 8.0% solids with a
height of 1.5 m �0 in!, and the contents settled to
21.4% solids at a height of 0,44 m �7.5 in! after
65 days of consolidation. The geotube was 0.4 m
�5 in! high after 120 days. Ninety percent consoli-
dation occurred in the geotube in about 26 days
versus 4 to 5 days for the geotextile bags, At 90%
consolidation the geotube dropped to a height of
0.5 m �1 in!. Based on past experience it was esti-
mated that the geotube would subside to about 0.4 m
�5 in! as a result of self-weight consolidation or
about 23 percent solids or a reduction of about 75
percent of the initial volume.

CONCLUSIONS AND RECOlUIMKNDATIONS

It was concluded that the geotextile bags and
the geotube were capable of retaining the fine-
grained sewage sludge and that these materials
respond similarly to the soil characteristics of
maintenance dredged material. It was shown that
geotextiles are capable of filtering the sludge so
that the effluent water passing through the fabrics
will meets the 30 mg/1 discharge requirements in
less than 11 minutes of drainage time. It was also
concluded that this new and innovative technology
is capable of competing economically with other
alternative dewatering techniques for sludges. This
technique is passive, and does not require exten-
sive or constant labor and maintenance of equip-
ment. This technique is capable of increasing the
percent solids to about 22 to 25 percent in relative-
ly short periods of time. This concept of contain-
ing sewage sludge has proven to be construction-
practical, technically and economically feasible
and environmentally acceptable to other disposal
alternatives,

It is recommended that additives such poly-
mers, fly ash, or highly oxidized water etc., be
added during or after consolidation in the geotubes
to achieve a greater bacterial reduction. One alter-
native is to do nothing and let the dewatered sludge
stabilize naturally in the tube. It is also recom-
mended that small to medium size water and

wastewater treatment plants consider the use of this

new and innovative technology for dewatering
sludge. Transportable geotubes have been devel-
oped for 6.1 to 12.2 m �0 to 40 ft! long dump
trucks and/or trailers. The geotubes can be loaded
onto the trucks after dewatering, Vacuum consoli-
dation systems are also available for transportable
geotubes. Current research is being conducted to
substantiate this research effort through an actual
full-scale project.

This new and innovative technology has been
used successfully to dewater fine grained, contami-
nated dredged material that contained dioxins,
PCBs, PAHs, pesticides and heavy metals for the
Port Authority of New York and New Jersey, the
Miami River Marine Group and the Port of
Oakland, CA  Fowler et al. 1995!. This is the first
successful use of geotextile tubes for dewatering
sewage sludge for beneficial uses in the United
States. Research using this process for dewatering
pork and dairy farming waste, paper mN waste, fly
ash, mining waste, chemical sludge lagoons and
several other waste streams is being conducted at
the University of Hlinois.

ACKNOWLEDr.MENTS

Acknowledgments are made to Joe Loviza,
Mayor of Vicksburg, MS, Don Miller, South Ward
Alderman, and Gertrude Young, North Ward
Alderwoman and personnel at the Vicksburg Water
Pollution Control Center. Acknowledgments are
also made to Mrs. Ora and Dr. Dov Leschinsky for
the use of the GEOCOPS computer program, the
Nicolon Corporation and WES.

LITERATUIIE CITED

ASTM  Annual Book of ASTM Standards!, 1986. Tensile Properties
of Geotextiles by the Wide-Width Strip ltfethod, D 4595. ASTM,
1916 Race Sheet, Philadelphia, PA.

ASTM  Annual Book of ASTM Standards!. 1990. Seam Strength of
Sewn Geotextiles, D 4884. ASTM, 1916 Race Sueet,
Philadelphia, PA.

Duarte, F., J, Joseph and G. Satterlee. 1995. Construction of geocon-
tainer and geobag contraction dikes to eliminate dredging at
Red Eye Crossing. In Proceedings of Ports '95. ASCE, New
York, N.Y.

Fowler, J., T. Toups and P. Gilbert. 1995. Geotextile Contained
Contaminated Dredged Material, Marina Del Rey, Los Angeles
and Port of Oakland, California. In Proceedings, Fourteenth
World Dredging Congress. Amsterdam, The Netherlands.

Krystian, WP, 1994. ltlovel Systems in Coastal Engineering,
Geotextile System and Other ttfethods, an Overview.
Rijkswaterstaat, Road and Hydraulic Engineering Division,
Delft, The Netherlands,



84 FOWLER ET AL

Dredging and Dewatering of Hazardous Impoundment Sediment Using the

Dry DREdge~ and Geotubes

MICHAEL L, DUKE

WRS Infrastructure cfe Environment, Inc.
8455 Shelbyville Hwy, Eagleville, TN 37060 USA

JACK FOWLER'

Geotec Associates

5000 Lowery Rd., Vicksburg, MS 39180 USA

MARTIN L. ScHMIDT

URS Greiner Woodward Clyde, Inc.
30775 Bainbridge Rd., Suite 200, Solon, OH 44139 USA

ALvtN C. AsKEw

DRE Technologies, Inc., deceased,

ABSTRACT: The purpose of this paper is to describe the application of the Dry
DREdge~ technology coupled with Geotubes in the dredging and dewatering of
hazardous sediments. The paper describes the project objectives, the Dry DREdge~
and Geotube technologies, and the results of applying this technique. The Dry
DREdge~ was jointly developed and tested by DRE and the U.S Army Corps of
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Engineers Construction Productivity Research Program  CPAR!.
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Ashland Inc. has operated a hazardous waste
landfill as part of its refinery operations in
Catlettsburg, Kentucky since 1976. The lan&ill is
located in Boyd County, Kentucky, approximately
3 miles south of Catlettsburg, Kentucky, In
September 1998, the Kentucky Division of Waste
Management was notified that the 20-acre, head of
hollow, single cell landfill would be closed by
December 1999. Approximately 1.1 million cubic
yards of petroleum refinery waste had been land-
filled at the site during the past 22 years.

As part of the landfill operation, a wastewater
treatment unit was constructed to control surface

water discharges. The purpose of the wastewater
treatment unit was to collect and treat surface

water runoff and leachate that was generated from
the landfill during operations. The wastewater

treatment unit consisted of a concrete sedimenta-

tion basin and water treatment process, which
involved chemical precipitation, ozonation and
granular activated carbon processes, The water
discharge from the wastewater treatment unit was
discharged to a nearby creek and it was monitored
under a Kentucky Department of Envirorunental
Safety  KYDES! permit.

The Kentucky Department of Environmental
Protection  KYDEP! had requested that all sedi-
rnents from the concrete basin be removed prior to
closing the landfill. In April 1999, it was estimated
that approximately 5,000 cubic yards of sediment
was contained in the basin. Since the sediment

was collected from a hazardous waste landfill, the
material was considered to be a listed waste.

Analytical testing indicated the principal chemical
constituents were semi-volatile organic compounds
 i.e., phenanthrene, chrysene, and naphthalene!. In
April 1999, the KYDEP indicated that it would be
feasible to dispose of the sediment from the basin



MATERIAL PROPERTIES

DREDGE DESCRIPTION

Table 1. Laboratory testing assignment and data summary of sediment characteristics.
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in a local landfill during closure and prior to final
capping, This option provided a cost-effective
alternative to off-site disposal. The only require-
ments that KYDEP required for disposal was the
material needed to pass the paint filter test and no
free liquids could remain.

Since the KYDEP approved disposal of the
sediment from the basin into the local landfill, it
was necessary to evaluate several sediment
removal alternatives. Management of contaminat-
ed surface water and controlling discharge from
the 40-acre watershed during sediment removal
was one of the principal factors in evaluating sedi-
ment removal technologies. This was significant
because runoff could not be diverted around the

basin during removal and access to the basin was
liinited because it was considered a confined

space. As a result of the evaluation process, the
project team selected The Dry DREdge" technol-
ogy combined with in-place, Geotube, dewatering
of the wet sediment as the preferred method.

Three composite samples were obtained from
the basin for geotechnical testing. Particle size
distribution and hydrometer tests were conducted
to characterize the dredge materials. Plots of these
data are shown in Figure 1, Other geotechnical
tests conducted included Atterberg Limits  liquid
limit and plastic limit!, natural water content, spe-
cific gravity, and geotechnical description. Results
of these tests are shown tabulated in Table 1
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From these test results, the void ratio and the satu-

rated wet unit weight were computed.
The dredged materials were classified as fine-

grained dark gray plastic clay  CH to CL! with a
trace of sand. Particle size distribution testing
showed that composite sample 1 had 90 percent
passing a 200 sieve and samples 2 and 3 showed
that 99 to 100 percent passing the 200 sieve.

Atterberg limit tests indicated that the dredged
material had liquid liinits ranging from 45 to 60
and plastic limits ranging from 22 to 25 with the
plasticity index varying frofn 23 to 35.  Atterberg
limits are index values determined from soil mois-

ture content.! The specific gravity of the soil
material varied from 2.75 to 2.78. The natural

water content ranged from 64 to 104 percent with
the void ratio ranging from 1.76 to 2.89. The satu-
rated wet unit weights for composite samples 1, 2
and 3 were 1.28, 1.5 and 1.46 g/cc respectively.

The dredged material exhibited water content
values greater than the liquid limit, indicating that
the material would act as a fluid mud The dredged
material was very soft in consistency and exhibit-
ed very low shear strength, When the fine-grained
dredged inaterial was clam-shelled from the sedi-
mentation basin and placed into the positive dis-
placement puinp hopper, it flowed to the bottom of
the hopper.

Conventional excavation methods, such as,
hydraulic dredging and mechanical dredging with
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Figure l. A graph of particle size distribution.

clamshells or draglines typically suffer from several
serious limitations. These limitations include

significant resuspension of sediments at the point
of excavation, imprecise excavation of hot spots,
and free water entrainment in sediments requiring
expensive dewatering and return water treatment.

The Dry DREdge~ incorporates a specially
designed, sealed clamshell mounted on a rigid,
extensible boom  see Figure 2!. The open clamshell
is hydraulically driven into the sediments at low
speed, minimizing sediment disturbance and resus-
pension. The clamshell is then hydraulically closed
and sealed, excavating a plug of sediment at its in
situ moisture content.

The sediment is deposited in the hopper of a
positive displacement pump, Depending on the
application, the hopper can be equipped for debris
screening, size reduction, vapor emission control,
sediment homogenization, and blending of addi-
tives to modify flow properties or stabilize contam-
inants. The sediment is pumped in a plastic flow
regiine through a pipeline to its appropriate dispo-
sition. The discharge has the consistency of
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toothpaste  see Figure 3!. Depending on the in situ
moisture content and degree of hazard posed by the
sediment, the disposition may be direct feed to a
dewatering process, thermal treatment or stabiliza-
tion process, direct feed to on-site land disposal, or
direct feed to a transport vehicle.

The most unique advantage of this dredge is its
ability to deliver sediments at high solids concen-
tration corresponding to the in-situ moisture con-
tent. High solids content sediment delivery can
offer major economic advantages through the
reduction or eliinination of dewatering and return
water treatment. Solids concentrations up to 70%
by weight have been pumped by this dredge
 Parchure et al. 1997!. Other advantages include
the following:
~ Excavation is accurate and precise. The

azimuth, declination, and extension of the
clamshell is electronically displayed in the
operator's cabin and available for electronic
input to a programmable controller. Therefore,
the extent of the excavation  length, width, and
depth! is controlled easily by the operator. The



programmable controller can be configured to
completely excavate the area within range of
the dredge by systematically making a grab,
depositing the material in the pump hopper,
and returning to make another grab immediate-
ly adjacent to, or overlapping, the last grab.
The clamshell-boom configuration allows the
dredge to work around rocks and pilings. It is
not limited to rectangular excavation patterns
as are horizontal auger dredges, or the inverted
cone excavation patterns of rotating basket
dredges. These excavation capabilities are
ideal for hot spot remediation.
Excavation is achieved with minimal resuspen-
sion of sediments. Hydraulic dredge cutter
heads agitate the sediments in the vicinity of
the pump suction. Conventional clamshells are

Figure 2. The Dry DREdge~ in operation is shown removing
sediments.

Figure 3. Photograph showing toothpaste consistency of dredged
material.
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allowed to free-fall in order to impact the bot-
tom with enough force to penetrate, Draglines
are pulled randomly through the sediments.
All these operations disturb the surrounding
sediments, resuspending particles and contami-
nants. Resuspension is a major concern when
dredging is conducted in bodies of flowing
water such as estuaries. The dredge is intrinsi-
cally sound for debris management. Unlike
hydraulic dredges, the pump suction is above
surface allowing visual inspection of debris by
the operator. Debris can be removed or shred-
ded and pumped, The decision-making capa-
bility is critical for certain types of debris,

GEOTUBE DESIGN

The design requirements were for a geotube
that had a circumference of 90 ft, a height of 5 ft
and a length of 160 ft. A maximum wet bulk density
of 1.6 g/cc was used in the design analysis, A fac-
tor of safety of 5.0 was used in the design, which
included factors of safety of 2.0 for seains, 1.5 for
creep and 1.5 for biological degradation. A cross-
sectional view for the geotube design for this proj-
ect is shown in Figure 4. This geotube design was
determined using a computer program,
Geosynthetics Applications Program  GAP!,
 Palmerton 1998!. This program assumes that the
geotube is filled with a fluid and does not have any
shear strength. The ultimate strength of the geotube
is directly dependent on the available wide tensile
strength of the seams. Since the seam strength
available is 300 pounds per inch width  pli! and the
required seam strength is 259.4 pli from the design
analysis then the geotextile fabric selected is
satisfactory.

GEOTUBE CONSTRUCTION

This project consisted of three 90-ft circumfer-
ence geotubes, 160 ft long constructed from 15 ft
wide panels of a woven polypropylene fabric.
Laboratory test have shown that this woven geot-
extile fabric has an ultimate breaking strength in
the warp of 400 pounds per linear inch width  pli!
and in the weft directions of 550 pli at 10 percent
elongation for both the warp and weft. These tests
have also shown the seam strength to be 300 pli for
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Figure 4. Cross sectional view of geotube and data generated from
the geosysthetics application program.

both warp and weft at 10 percent elongation
 ASTM 1986!. The area opening size  AOS! for
the geotube fabric, which is also equivalent to US
Standard sieve size number, was about 50  ASTM
1987!.

The geotubes were manufactured by the TC
Mirafi Corporation, in Pendergrass, GA and
shipped to the project site in a protective covering.
Two rows of inlet ports with 1.5-ft diameter, 5-ft
long sleeves were provided every 25-ft along the
top of the geotube. Nylon anchor straps sewn to
the geotube perimeter every 10 ft that were used to
sectue the geotube prior to and during filling. A 16
oz per square yard nonwoven polypropylene fabric
was placed beneath the geotubes to facilitate verti-
cal and lateral drainage during consolidation of the
dredged material in the geotube.

A very small amount of fines, less than 5-10 mg/I,
were evident in the decant water passing through
the geotube during the initial filling but this water
became very clear as the geotube was filled to the
design height of 5 ft. The decant water looked to
have a very light tan to clear color and it was felt
to be a insignificant loss of dredged material.

The 15-ft panels were sewn perpendicular to
the longitudinal axis of the geotube. All factory
seams were sewn with double stitched butterfly
seams. All seams consisted of type 401 double
lock stitch that was sewn with a double needle

Union Special Model ¹80200 sewing machine. The
machine is capable of sewing two parallel rows of
stitching about one quarter inch apart. The thread
was a 2 ply 1000 denier passing through the needles
and 9 ply 1000 denier passing through the looper.

CONCLUSIONS

The project was started in April 1999 and com-
pleted in June 1999. Approximately 5,000 cubic
yards of material was dredged from the sediment
basin and sequentially pumped directly into five
geotextile tubes located on the side of a mountain
Filtrate was routed from each dewatering pad to
the existing runoff collection system and returned
to the basin. Random sampling of collected sedi-
ment indicated the majority of the material would
pass the paint filter test within 7 days. Limited
measurements indicated a free water loss of

approximately 20 percent. Observation would
indicate the bulk of this water is interstitial. Thus,

the use of the Dry DREdge~, geotube technology,
and onsite disposal resulted in cost savings of
approxiinately $1 0 million dollars.
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ABSTRACT: Testing and evaluating the contaminant status of dredged material are
the first steps to exclude contauunated materials unsuitable for environmental use.
Twenty-four case studies from the U.S. Army Corps of Engineers/U.S. Environmental
Protection Agency web site on the beneficial uses of dredged materials
 http J/www.wes.army.mil/el/dots/budm/index. html! were sununarixed. In comparison
with the enormous quantities of materials available, the majority of projects were smail
 less than 100 acres!; used sand and silts; used riprap for protection in low to moderate
energy environtnents; and lacked long-term monitoring and research.

Key words: restoration, beneficial use, coastal habitats

brrRODUCTION'

Coastal ecosystems providing vital natural
services to society have been severely damaged by
development. In addition, the ecosystem functions
of large areas of America's remaining natural wet-
lands have been degraded by subsidence due to
grotmdwater, oil and gas withdrawals, and persist-
ent sea level rise  Delaney et al, 2000!. Greatest
wetland losses in the United States have been in

coastal California and the northern Gulf of Mexico

 Turner 1997; Zedler et al. 1997!.
Hundreds of cubic kilometers of sediment are

dredged each year for commercial and recreational
purposes and discharged into the nation's oceans,
estuaries, rivers and lakes, or to land-based disposal
facilities. Dredged material containment facilities
are nearing capacity or are ~y full; and opening
new containment sites creates nuinerous social and

economic conflicts, Dredged materials are invalu-
able resources for stabilizing or restoring
America's wetlands and beaches; and methods of
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wetland restoration using uncontaminated dredged
materials are either straightforward, or, are in
development. While development may have
altered the hydrology of wetland ecosystems and
reduced vegetative cover, the hydric soils built
through geological time remain. In these cases,
wetlands can be restored simply by adding uncont-
aminated, <hedged materials on top of subsiding
wetlands. The increased elevation will allow for

Inarsh vegetation to be established, Testing and
evaluating the contaminant status of dredged mate-
rial are the first steps to exclude contaminated
materials unsuitable for environinental use.

Twenty-four case studies from the U.S. Army
Corps of Engineers/EPA web site
 http://www.wes.army.mil/eVdots/budm/index. html!
on the beneficial uses of dredge inaterials were
summarized  see Table 1!. In comparison with the
enormous quantities of materials available, the
majority of projects were small  less than 100
acres!; used sand and silts; used riprap for protec-
tion in low to moderate energy environments; and
lacked long-term monitoring and research. Costs
of projects ranged from $1.00 to $11.25 per cubic
yard, with a mode of $1.50.

The Clean Water Action Plan

 http://www.nhq.nrcs.usda.gov/cleanwater/initia-
tive. html!, arid the Coastal Wetlands Protection,
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Table 1. Summary of 24 projects from the U.S. Army Corps of Engineers/EPA web site,
 hitp://www.wes.army.mil/eVdots/budm/index. html!, on the beneficial uses of dredged materials,

Energy
Levels

Physical
Protection

Costs
 yd'!

uvironmen
Dredge Projects  acres!

Atchafalaya River,
LA

Silt15 2.00None None

100Atlantic Intercoastal
Waterway

Sand, silt Low 1.00None or
riprap

Barren Island, MD 100 Low to
moderate

NA ACE

Columbia River
Islands, OR dt WA

Sand Moderate None During project onlyNA NA

UNCW; NCSU; ACE
st-monitorin

Core Sound Islands,
NC

40 Nylon
sandb s

1.50

SiltCrane Ishmd, VA 400
Donlin Island, CA 35

NA None
Lon -term b UCDA,ACE
Local birders; ACE

1.50
Foll bland, SC 20 2.28None
Gaillard Ishnd, AL 35 1.25 ACE

Riprap or
none

Great Lakes Islands,
MI k MN

Sand,
cobble

0.5�
100

Monitored 3x by DMRP;
most recentl 1985

1.00

Sand, silt Low0.5-
100

Most of the waterway is not
monitored

1,100 Silt, sand NA

Hillsborough Gay,
FL

FL State Agencies during
io ect

11.25

33 Moderate None Short-term within projectNA

50 High,
variable

CA Coastal Commission;
ACE

None 2,00

Pacific Coast Islands, 2 � 200
WA,OR, CA

High DMRP during project onlyNone

Points Mouillee, MI 4,600 Sand, silt High,
variable

Ml State Agencies  DNR!;
ACE does long-term

9.43

Silt, sand LowQueen Bess island,
CA

$70;
156/acre

LA DNR; ACE duringNone

Slaughter Creek, MD 4 Silt, sand Moderate None Pre-, during and post-
monitoring by NMSF 4

1.50

ACE; MSU; MS k. AL
State Agencies

NA14,000 Silt, sand Low None

ACE1.25

Audubon Soci; ACENA25
High Dikes;

culverts
Wana Sprmgs, CA 100 Silt

ACE; USFWS; MN k, WI
State A encies

NAModerate None5,000 SandWeaver BOttcine,
MN

NCSU = North CaroHna State University
USFWS = U.S. Fish and Wildlife Service
DNR = Department of Natural Resources
MSU = Mississippi State University

ACE = U.S. Army Corps of Engineers
UCD = University of California, Davis
UNCW = University of North Carolina Wilmington

Gulf Coast Intra-
coistal Waterway,
FL, AI�TX

lVlobile, AL

Muzzi Marsh, CA

Tennessee-
Tombighee
Waterway, AL 81, MS

Texas City, TX

Times Beach, NY

Silt, sand Low
Mt, sand Low
Silt, sand Modeiute

Sand, shell,
silt
Silt, sand

Sand,
cobble,
volcanic
materials

Silt, sand Moderate

Silt, sand Low

Geotextile
tubes a few
hundred
feet fiom
shoreline

Riprap,
dikes, or
none

Reinforced
riprap dike
4, side
dikes

Rubble
Breakwater
CDF dike

Less
than
1.00

Environmental
Monitoring/Res each

Programs

"Dredged material Ie~
program"  DMRP!;
USFWS/University post-
monitorin

MD State Agencies pre-,
during, k post-; long-term
m ement lan

Pre-project by CA DNR k,
consultant; Long-term by
State encies



COASTAL RESTORATION 93

LTTKRATURE CrTED

Planning, and Restoration Act
 http: //www.ninfs.gov/habitat/restoration/cwppra/
index.htm! establish the groundwork to increase
the area of restored wetlands in the USA. Disposal
of uncontaminated dredge materials into the
Nation's waters and landfills creates a needless

waste of America's ecological, economic, engineer-
ing and scientific wealth, Three assessments by
National Research Council  NRC! have stated that
the restoration of coastal wetland and beach

ecosystems is a national priority  NRC 1992,
1994a, b!. NRC �994b! recommended that
"Federal science agencies should encourage rapid
advancement of the science and engineering of
ecosystem restoration and rehabilitation". More
collaborative, interdisciplinary studies need to be
funded within long-term monitoring programs to
evaluate fully the key ecological engineering
aspects of using uncontaminated dredge materials
for environmental purposes. One noteworthy pro-
gram is the "Beneficial Use of Dredged Materials
Monitoring Program", a collaboration between the
U.S. Army Corps of Engineers New Orleans
District and the Coastal Research Laboratory,
Department of Geology and Geophysics,
University of New Orleans
 http://delta. geol.uno,edu/coastal/research/bump/
index. html!.

Increased use of dredged materials in coastal
areas will make disposal of uncontaminated
dredged materials unnecessary. It should be the
policy of the United States government and its
agencies to use every available uncontaminated
cubic yard of dredge materials for beneficial
environmental purposes.
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ABSTRACT: The shape of our coastline is constantly changing due to the impact of
natural prot~es and man-made influences. Coastal areas are under threat from
flooding and in many regions sea defences are eroding. Traditionally, heavy engineering
has been used to protect coastal areas and high costs have been encountered. New
schemes and trials that combat the changes and impacts on our coastlines have started
to be undertaken throughout Europe on a small scale, and these have been termed
coastal realignment schemes. Coastal realignment schemes are a relatively new
approach, and they may involve letting existing land flood, and setting the coastline
back, more commonly termed managed retreat, or placing material in front of coastal
walls and sea defences and building forward. This paper focuses on the placenient of
dredged material for building forward of coastal sea walls and sea defences.

HR Wallingford undertakes a number of projects deahng with the beneficial use of
dredged material in the marine environment. Of particular interest is the increasing
requirement to explore the practical, technical and socially acceptable use of muddy
dredged material. HR Wallingford is shortly to complete a Ministry of Agriculture,
Fisheries and Food  MAFF!' funded project which involves monitoring schemes where
muddy  maintenance dredged material! is placed at estuary sites. This paper reviews
the process in the UK for undertaking such projects and practicalities involved. It wQI
summarize the lessons learned from a number of sites where dredged material has been
used beneficially for habitat creation. Case studies include salt marsh recharge, mud flat
creation and trickle charge feeding of sediments into the estuary system via water
colunm and sub-tidal placements.

Key words: mud, sediments, beneficial nse, habitats, sustainability, coastline, United Kingdom

INTRODUCI'ION

Corresponding author; telephone: �	491 835381;
fax: �	491 832233; email: caf@hrwallingford.co.uk

In the United Kingdom there are some SOO
separate port terminals handling SSO million
tonnes of freight traffic. Through routine mainte-
nance dredging and capital dredging up to SOM

2Since the paper was written MAFF have reorganised and are now
called DEFRA

tonnes of dredged material are generated annually
and historically much of this material is disposed
of to sea, The majority is not contaminated and
could be seen as a resource and not a waste.

Coastal and estuarine habitats of interest in the

UK include salt marsh and tidal mud flats. Salt

marshes occupy some I4% total of the tidal area
on British estuaries but are under decline. For

example, over one third of existing area of salt
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marsh in parts of the east Anglian coast has already
been lost to erosion in as little as 15 years.

Tidal flats vary from soft muds in sheltered
inner parts of estuaries to sandy flats in outer, higher
energy, areas. They support a vast array of inverte-
brates  e.g., crustacea, molluscs and worms! and a
huge biomass, There are over 265,000 ha of inter-
tidal flats in the UK  Woodrow, 1998!.

Coastal and estuarine habitats are of important
ecological and conservation value. Over 2M water-
fowl depend on UK estuaries, which represent
more than 30% of the entire north-west Ernopean
wintering population  Woodrow, 1998!. Many estu-
arine areas in the UK are now designated sites
under the European Habitats Directive. That at
least 77 ports operate within or have jurisdiction
over 44 sites of international importance clearly
demonstrates that a conflict in use of these areas

could exist.

Salt marshes and mud flats, however, are also
of importance to coastal defence systems. Salt
marshes buffer wave energies, offer a natural
defence, and reduce required heights and mainte-
nance costs of sea defences  Brampton, 1982;
Moiler et al., 2000!.

On eroding shorelines, the beneficial use of
muddy dredged material in habitat creation may
have an important role in coastal defences for some
UK estuaries and coastlines. Indeed it is recognised
that there is an increasing need for more cost-effec-
tive sustainable sea defences  MAFF, 2000!.
Dredged material may be used in the creation or
remediation of habitats such as salt marshes and

mud flats, This beneficial use would actually meet
three aims: to use dredged material beneficially, to
maintain or increase biodiversity, and to support
coastal defences in a more integrated and hopefully
sustainable manner. This paper is interested in the
beneficial use of muddy dredged material for
habitat creation and coastal processes.

POLICY ANII PROCEDURE

The UK is a signatory to a number of interna-
tional conventions which involve dredged material
disposal and biodiversity issues  e.g,, London
Convention, OSPAR Convention, RAMSAR
Convention, Biodiversity Convention!. The con-
struction of coastal defence projects or placement
of material  sea disposal of dredged material!

below mean high water springs  MHW'S! in UK
controlled waters, is regulated under Part II of the
Food and Environment Protection Agency  FEPA!,
1985  Great Britain, 1985!. The Ministry of
Agriculture, Fisheries and Food  MAFF! is the
designated licensing authority for England and
Wales. Other legislation of importance includes
the Water Resources Act and the Habitats

Regulations, which enact the Habitats Directive,
In considering an application for a license for

coastal protection works, the primary objectives
stated under FEPA are;

~ The protection of the marine environment, the
living resources which it supports and human
health;

~ The prevention of interference with other
legitimate uses of the sea; and

~ Any other matters the licensing authority
deems relevant.

The process is subjective and based on a site-by-
site, case by case approach which depends on the
risk of impacts occurring as a result of disposal.
Presently there are no written guidelines that can
be given, It is a pragmatic approach where costs
are based on the risks involved. The Centre for

Environment, Fisheries and Aquaculture Science
 CEFAS! are the scientific advisory body for
MAFF. CEFAS and then MAFF under FEPA aim

to have enough information so that they can make
an informed scientific decision,

The present CEFAS process involves
 Matthewson, 2000!;
~ Information gathering  location and scale of

the operation, type of material to be deposited-
physical, chemical and biological, methods to
be used during construction, timing and dura-
tion of the project, consultation with outside
organisations and other statutory bodies, e,g.
CEFAS!.

~ Assessment and advice by CEFAS and Sea
Fisheries Inspectorate  SFI! includes; effects
on conservation sites, effects on fish and shell-

fish resources and fishing activity  CEFAS
advise ~ on fish as a resource and likely
impacts while SFI are involved in the commer-
cial side of fishing and catching fish!, effects
on water quality, effects on coastal processes,
effects on other uses and users of the area,
provision of an Environmental Statement.
A number of schemes have been progressed,
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such as at Harwich and Southarnpton, using sands
and gravels for beach nourishment and silts for salt
marsh or muscat feeding. In general, there are per-
ceived difficulties with the co-ordination between a

dredging project and the receiving coastal protec-
tion scheme, and early discussion with
MAFF/CEFAS is encouraged where the beneficial
use of dredgings is a possibility.

A FEPA Licence will be issued where the likely
environmental effects of the project are considered
acceptable and contamination at a level which
would be detrimental to the environment is not

present. The licence may also require a programme
of monitoring work to be undertaken during the
construction works to validate the assessment

and/or allow action to be taken against an observed
impact. Mostly under licence there is a requirement
for bathymetry monitoring only with more detailed
monitoring for feedback not generally being
required,

In recent years a concerted effort to apply ben-
eficial uses to natural resources and environmental

projects has been made. Increasing awareness of
this fact has prompted MAFF to inaugurate a policy
whereby any application for a licence to dispose of
dredged material will be required to show that
possible beneficial uses have first been properly
considered, Some dredged material has potential
uses for coastal defence and this is strongly
encouraged, not least through the application of
lower disposal licence fees.

Whilst there are some ideas on beneficial uses

of dredged material outlined in MAFF Coastal
Defence and the Environment document  MAFF,
1995! and also published in grey literature, there
are no checklists or established guidelines for mon-
itoring and examining them. Nevertheless some
beneficial use projects are under active considera-
tion, whilst others are already in progress and some
have already been completed  Murray, 1994!.
Typically beneficial uses have involved coarse
material such as beach nourishment schemes. Of

increasing interest is the use of more muddy mate-
rial from maintenance dredging which has been
generally considered of less use than gravel and
rock from capital dredging,

TYPES OF DREDGER

The main methods of dredging and disposal for

Table 1. Types of dredger and means of disposal/placement,

Dredger type Means of disposal

Dredged material may be placed into
a barge for bottom dumping or could
be placed directly onto an adjacent
site,

Grab Hopper Dredged material may be disposed by
bottoin dumping or could be grabbed
out of the hopper at a placement site.

Disposal is via a pipeline. The
dredged material contains a high pro-
portion of water. Dredgings could be
pumped into a barge,

Static suction

Trailer suction hopper Disposal is usually bottom dumping
but some vessels can sidecast or have
the ability to discharge by pump.

Agitation dredging  of all kinds!
introduces material into the water
column at the dredging site.

Agitation

METHODS FOR MUDDY DREDGED MATERIAL

The beneficial use options for muddy material
include, Direct placement onto the inter-tidal, con-
fined placement onto the intertidal, direct sub-tidal
placement, confined sub-tidal placement, place-
ment behind seawalls to build up land levels prior
to managed retreat, inter-tidal trickle charge, sub-
tidal trickle charge, water column trickle charge
and agitation dredging,

DrREcr PLAcaamm

Direct placement, either on the inter-tidal or
sub-tidal, is the placement of material from a
dredging operation onto the existing sea bed with-

muddy material are given in Table 1, Generally,
the first four methods involve moving the bed sedi-
rnents from one site to another while agitation
dredging involves making the bed sediments more
available for transport and redistribution and trans-
portation within the system at the site of dredging.
Grab dredgers will produce natural sediments with
a higher density which are less amenable to resus-
pension and transport while station suction and
trailer suction dredgers, by adding larger amounts
of water to the sediments, give a slurry which may
be readily transported away from the site of
placement.
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out construction of retaining structures. The aim of
direct placement is to modify the morphology in
some environmentally beneficial way, for example,
extending the area of an inter-tidal habitat. The
major disadvantage of direct placement is that the
existing habitat is invariably smothered, because of
the depth of the placement and, as the placement is
unconfined, the risk of substantial losses of materi-
al and associated increases in turbidity is high
except in the lowest energy environments. Direct
placement in higher energy environments is likely
to represent a trickle charge source  see below!,

Direct placement could be via a pipeline dis-
charge or through bottom dumping from a hopper.
Placement via a pipeline is likely to result in a
much weaker material, which is more readily
resuspended. Direct placement onto the inter-tidal
has been undertaken in the Blackwater as part of
the maintenance of salt marshes in the vicinity of
Maldon  a few hundred m' at a time!.

CONPINED PLACamm

Confined placement is similar to Ihrect place-
rnent in terms of scheme objectives. However, the
risks of losses of material from the scheme are
reduced, and the ability to engineer the scheme is
enhanced because of the retaining structures that
are incorporated into the scheme. Retaining struc-
tures may be either 'soft' structures that are likely
to be mobile in the longer term  for example graveV
sand berms!, or 'permanent' structures that are in
principle immobile  for example a piled structure!.
The main disadvantages of confined placements
are the habitat loss associated with smothering and
the potential impact of introducing the retaining
structures into the system. The view is held by
some that only material of a similar size distribu-
tion to that existing at a site should be introduced.

Confined placement is likely to be via a
pipeline, although in some instances material might
be placed directly into the confined structure by
grab or backhoe. A key aspect of the design of a
confined placement is the design of the retaining
structures such that the normal rise and fall of the

tide do not threaten the integrity of the structures
before and during placement. A furler issue is the
fact that the placed material will form a weak slope
during placement, but will tend to flatten after
placement is completed and de-watering commences.

Confined intertidal placements using mainte-
nance-dredged material have been undertaken in the
Orwell estuary  approximately 20,000 m' of silt and
17,000 m' of gravel! and on Horsea Island in the
Walton Backwaters  approximately 20,000 m' of silt
retained by previously placed gravel!. A confined
inter-tidal placement using sheet steel piling and cap-
ital dredged material has been constructed in Poole
Harbour as part of the development of Parkstone
Yacht Club �0,000 m'!.

PLACEMENT BEHIND SEAWALLS TO RAISE LAND
LEVELS PRIOR TO MANAGED RETREAT

This is basically a derivative of confined place-
ment, but applied to the situation where an area of
land behind existing seawalls has been identified as
appropriate for managed retreat. The simplest
placement technique is to pump material behind
the seawall. An obvious issue is then whether static

dredging plant can be used  requiring the managed
retreat site to be close to the dredge site!, or
whether a trailer suction hopper dredger with a
suitable pump-out capability can be used. This
requires relatively deep water to be available close
to the proposed site. Issues associated with run-off
of water from the placement site are of prime
importance for this type of approach.

To date no managed retreat sites in the UK
have been pre-treated in this manner before breach-
ing. The small Trirnley retreat site on the Orwell is
likely to be treated in this way. The logistics are
similar to many of the silt lagoons created adjacent
to small marinas around the UK.

TRICKLE CHARGE

Trickle charge is a concept of recycling
dredged material back into the natural system using
the energy of the natural system to redistribute the
dredged material. The key difference between a
placement and trickle charge is that, at the site
where the material is released, there is no deliber-
ate intention to make a habitat change, In its sim-
plest form, trickle charge can be seen as the direct
alternative to removing material from a natural
system by disposing of it offshore.

Intertidal trickle charge is the approach where
material is placed on the inter-tidal to disperse. Sub-
tidal trickle charge is the situation where material is



9g FLETCHER ET AL.

placed sub-tidally to disperse. Subtidal trickle
charge is often preferred, as it does not impact on
valuable intertidal habitats, and there are more

options for placement  via pipeline and bottom
dumping!. An alternative to intertidal or sub-tidal
trickle charge is trickle charge via the water col-
umn. In this approach the objective is to discharge
material into the water column at such a rate/dilu-

tion that the moving water column is able to carry
the recharged material away from the site of intro-
duction without significant impacts on the sea bed.
Obviously the ability of the water column to carry
significant quantities of material in suspension
without impacting on the sea bed depends on the
energy within the water column  tidal currents and
turbulence!.

Subtidal trickle charge is ongoing in the Stour
Estuary  approximately 100,000 m'! and within
Harwich Harbour �00,000 m'!. Water column
recharge described in the Environmental Statement
commenced in the Stour Estuary in the winter of
1999  HR Wailingford, 1996!. Intertidal trickle
charge has been undertaken in the Medway Estuary
 a few thousand rn'!.

AGITATION DREDGING

Agitation dredging comes in a variety of
forms, The basic aim of agitation dredging is that
material is mobilised Rom the &edge site by some
mechanical action  for example bed levelling! or
by some hydraulic action  for example water injec-
tion or direct discharge from a cutter suction or
hopper overflow into the water column!. Following
mobilization, the natural tidal regime redistributes
the agitated inaterial away from the dredge site,
Typically agitation dredging is economical on a
small scale, requiring relatively unsophisticated
plant. Agitation dredging is not normally licensed,
but it is under review by MAFF. Agitation dredg-
ing is an obvious source for trickle charge, but the
type of source and the associated impacts vary with
the type of agitation operation. Note that the trickle
charge source will be at the dredge site, which is
different to the more flexible approach of the trickle
charge schemes described above.

Agitation dredging is undertaken on a variety
of scales around the UK. For example at the Port
of Bristol, aII dredging  in the region of 1 Mm~/year!

is by agitation, and at one stage the Port of
Felixstowe was largely maintained by water injection
dredging techniques  approximately 1 Mm3/year!.

LINKING SEDIMENT PRocEssEs To

BENEFICIAL USE

Knowledge of the sediment regime of the sys-
tem within which dredging must take place is
presently the key to identifying an acceptable solu-
tion to managing the disposal of dredged material.
In a highly turbid system large scale agitation
dredging may be acceptable and economic, In a
low energy system with naturally low suspended
sediment concentrations this would probably be
unacceptable. Trickle charge links disposal of
dredged material to the natural sediment processes.
By selecting a site for placement the impacts of the
trickle charge can be controlled, By selecting the
rates  and possibly timing! of placement, the
impacts can be further controlled.

SUITAEILITi OF THE MATERIAL

The type of material dredged or the quality
 physical, engineering, chemical, physico-chemical
and biological impacts! of the sediment to be
placed must be determined and related to its suit-
ability for beneficial uses. Most of the dredged
material in UK is muddy. The physical properties
of the bed sediments are changed as a result of
dredging and their subsequent transport away from
the placement site will be deterinined by a number
of factors including the surrounding hydrodynamic
conditions and the dredged material properties
 e.g., density! after placement,

Other factors will also determine the suitability
of the material and feasibility of a scheme. These
include; the location of the dredging and placement
site, scheme design, practicality, timing of the
dredging, dredging method, placement method,
environmental concerns, legislation and regulatory
coinmitments, previous applications and measures
of success, aims and objectives of the scheme,
communication between involved parties, informa-
tion gathering, monitoring, acceptability and public
perception and finally, costs. Costs will include the
cost of transport, project design, maintenance, land
acquisition, equipment mobilization, construction
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MON rrORINr,
MUD FLAT CREATIQN

CASK STtIIIIKS

MUD FLAT CREATION

of protective breakwaters and monitoring.
The measures of success and goals warrant a

further mention as how to measure success may
need to be clarified and agreed upon at the plan-
ning stage and an appropriate monitoring plan set
up. For example, environmental goals in a benefi-
cial use scheme may be defined as achieving the
goals and objectives based on agreed-upon replace-
ment values of the lost or degraded mud flat
resource.

Engineering and enviromental monitoring is
necessary to collect baseline data prior to, during
and following dredging and project construction.
Monitoring is important so that the success of a
scheme can be evaluated and confidence gained in
its further application, in particular because of the
relative infancy of the approach in the UK. This
will be needed to justify future projects that may
need to occur on a larger scale, Case studies can
play an important role in developing monitoring
methodology as well as gaining knowledge of
success.

Monitoring is, therefore, necessary to collect
baseline information, collect data for interpretation,
document activities and chronology of the project,
document success or failure and the need for mid-

course correction, justify similar projects in the
future, generally improve experience and under-
standing of the engineering, scientific, economic
and environmental factors involved and importantly,
improve understanding of segment processes and
to gain conlidence in the process and beneficial use
of fine dredged material.

Confined placement: Marina in Poole Harbour,
South Coast of England
Placeinent date: Winter 1994/1995

Dug out at low tide with excavator and transported
by lorry along the breakwater and then placed
Dredged Material: Firm clay and silt
Size: 10,000 m'  area 325 m by 20 m!.

A substantial breakwater was constructed with

large rocks and rubble to protect the yacht berths
and the mud flat was constructed adjacent to this
using sheet piling to contain the mud. Construction
difficulties with the sheet piling, time restrictions
for operation and initially mud was deposited to
the wrong level  MHWS!. This was reduced in
level so that the mud was intertidal.

Monitoring: bed levels, sediment density, macro-
invertebrates, birds

Confined placement: Eroding coastline at Shotley,
Stour Estuary, Suffolk, England.
Placement date: December 1997

Placed by pipeline from trailer suction hopper
dredger
Dredged Material: Silt
Size: 13,000 m' gravel, 22, 000 m'  area-430 m by
70 m!.

Maintenance &edged silt was used for mud flat
and confined in a gravel bund constructed from
capital dredge material.

Monitoring: bed levels, sediment density, grain
size, shear strength, carbon  loss on ignition!,
macro-invertebrates, birds, wave meastuements,

suspended solids in flood waters.  HR Wallingford,
in press!.

SALT MARsH REMEDIATIoN

Confined placement. Eroding salt marsh at Horsey
Island, Hamford Backwaters, England.
Placement dates: February 1998
Placed by pipeline from trailer suction hopper
dredger
Dredged Material: Silt
Size: 20,000 m'  area 27,000 m'!

Wooden brushwood fence was used to contain the

inter-tidally placed material. Vegetation was via
natural plant colonisation.

Monitoring: shear strength, bed levels, density,
vegetation.  HR Wallingford, in press!.
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TRICKLE CHARGE  SUBTIDAL!

Containment of sediment within sub-tidal depres-
sions at the Horse, Stour Estuary, England.
Placement dates: May 1996
Placed by pipeline from trailer suction hopper
dredger
Dredged Material: Silt
Size: 7,800 m'  area 110 m by 45 m!

Subtidal placement of unconfined dredged material
pumped from a trailer suction dredger through a
pipeline, which was placed on the bed.

Monitoring: grain size, bulk density, bed density,
bed level, suspended solids in water column, cur-
rents, modelling of bed shear stresses,  HR
Wallingford, in press!.

Fv TURK WORK IN THE UK

At present, the volumes of muddy maintenance
dredged material used beneficially in the UK are
very small, and caution should be expressed over
any scheme which proposes to dramatically extend
the volumes of material used from that outlined in

the trials above. For many typical UK dredging
operations, the volumes used in the trials described
above represent a significant proportion of the
annual dredging requirements. In such cases the
concept of utilizing a large proportion of the mate-
rial arising annually from an estuarine system in a
beneficial manner cannot be discounted on the

basis of any precedent, The trials have led to the
feasibility of schemes being reahsed and the identi-
fication and practicalities of minimizing impacts.
The trials have improved the understanding of
methods for muddy dredged material by the parties
involved that may lead to increased opportunities
in the future. The UK Environment Agency has
recently contracted HR Wallingford to undertake a
5-year monitoring program. This includes managed
retreat sites and beneficial use of muddy material
and should enable a more comprehensive level of
monitoring to be undertaken. How beneficial
difTerent schemes are is still open to question.
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ABSTRACT: Sediment deposition of Charles Mill Lake in Ohio has gradually reduced
the effectiveness of reservoir operation over the years. It affects flood control and
natural resources preservation including recreation, navigation, and water quality. The
channel-bed survey of the reservoir was conducted with a global positioning system by
the U.S. Army Corps of Engineers in the smnmer of 1998. The original reservoir and
channel bed devations were digitized at Ohio University. Both surveying and digitizing
results were analyzed using a geographic information system  GIS!. The accumulation
of sedhnent deposits over the years, associated depths, and their geographic
distributions were shown by GIS hnages. Major deposits were found along the
mainstream of the original channel betL Sediment sampling was conducted in suminer
1998 for assessing the dredging program. The analysis of sampled sediments was done
based on grain sizes, material grading, and soil uniformity using the geographic
information system. It was found that there is a minhnum percentage of gravd in the
composition of sedhnent deposits. There are two main apparent locations of gravel
settlement. The uniformity and gradation shown as images provide the geographical
distribution of deposits, by which a working program for selecting disposal sites was
developed in terms of prioritization. Two locations in the reservoir are selected for
dredging material disposal by forming wetlands.

Key words: wetlands restoration, GIS, beneficial use, Charles Mill Lake, OH

RESERVOIR SEDIMENTATION

W � Fb-Fd =0
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Sediment particles settle if the densities of par-
ticles are greater than that of water. The motion of
this settling process is essentially involved with
three forces, namely, the particle weight, W, the
buyaucy force, Fb, and the drag force, Fd. When
the particle reaches a constant velocity in the
falling process, the net force is equal to zero, i.e.,

Let p be the density of water, D be the diameter
of the falling particle, and p be the dynamic

WETLAND SITE SELEGTION FOR RESEVOIR DREDGING MATERIALS I al

viscosity of water, then the Reynolds number, R,
can be expressed as

R IPM' �!
lJ

Based on the Stokes law, if the Reynolds number is
smaller than one, the drag force, F< can be estimated
by  Streeter and Wylie, 1985!

U' zD'
F =  � !  " !  !=3ttUpD, �!

R, 2 4

where U is the settling velocity. Let p, be the den-
sity of the falling particle, then Equ. I can be
rewritten as

4 D, 4 D,p,g  � !Ir  � ! � P�g  � !tt  � !' - 3«tto = 0, �!
3 2 " 3 2
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Lake Length

Lake Breadth

Original Average Depth

20,700 feet

6,200 feet

6,300 meters

1,900 meters

1.5 meters5 feet

4 feetCurrent Average Depth

Maximum Depth

1,2 meters

10.4 meters34 feet

14,034,230 kmsOriginal Volume 11369 acre-feet

10,034,678 km'8,129 acre-feetCurrent Volume

Water Surface Area
 normal pool!

5,42 km~1,339,5 acres

Shoreline Length 34 miles 53,5 km

304.0 meters

311.0 meters

217 mile2 562 km2Watershed Area

SAMPLING AND ANALYSIS

where g is the gravitational acceleration. Equ. 4
can be rearranged to result in an expression for the
settling velocity as follows:

 P, � P�!gD'
�!

18@

The settling of a sediment particle depends mainly
upon the density and diameter of the particle in a
given water body based on Equ. 5. Particles may
not be spherical, but Stokes' law can still give a
good representation of the settling velocity. The
settling velocity of a particle increases linearly
with an increase of particle diameter. This has an
imphcation on the sizes of sediment settling at the
bottom of a reservoir or river. Flow turbulence may
also affect the particle deposit. If the velocity is
constant and fluctuations in the current's turbu-

lence are small, the sediment deposits will be well
graded  Trash, 1950!. Sediment particles that are
small enough to stay suspended will do so, while
the larger particles fall out, On the other hand,
large turbulence fluctuations in the current will
carry a good range of particles that the sediment
deposits will not be well graded. Therefore, sedi-
ment deposits can be predictable in a calm reservoir;
the coarser sediment particles will be deposited
near the entrance streain and finer materials will

settle near the dam, The flow velocity decreases
and results in finer material deposits as it gets closer
to the dam, The depth of the sediment would gen-
erally be the greatest near the dam  Annandale,
1987!.

BACKGROUND INFORMATION

Charles Mill Lake is on the edge of the glaciated
region of Ohio, The reservoir has a shallow slope
while it resides in several valleys so that it has an
irregular shape. It is located four nnles east of
Mansfield, Ohio in Richland and Ashland counties.

The inflow is mainly from the Black Fork Creek
on the north of the lake. The water from the lake

ultimately discharges to the Ohio River via the
Muskingum River. The dam holding Charles Mill
Lake was constructed in 1935 for the purpose of
flood control. The Muskingum Watershed
Conservancy District  MWCD! owns the lake and
surrounding land and is responsible for the conser-
vation management and recreational activities. The

dam is owned and operated by the U.S. Army
Corps of Engineers. Reports have been made that
the sediment deposition in the lake is gradually fill-
ing the lake. Residents in the surrounding areas
and users of the lake have complained about poor
navigability. In addition, the reservoir has reduced
its effectiveness in controHing floods.

The man-inade lake contains three natural

lakes, Mifflin, Bell, and Mud, which existed before
the dam was built. It also includes fourteen islands.

The average depth of the lake has decreased by
about one foot in 63 years. It means a decrease of
about 20% of the volume of the lake. The water-

shed draining into Charles Mill Lake is 217 square
miles. Table 1 lists facts about Charles Mill Lake

and its watershed.

Table 1. Facts of Charles Mill Lake and the corresponrhng watershed.

Lake Elevation  normal pool! 997.1 feet  MSL!

Lake Elevation  spill way! 1020.0 feet  MSL!

Digitized topography and hydrography of the
studied area were downloaded from the

Geographic Information System Support Center,
Ohio Department of Administrative Services and
converted for use in the ArcView GIS, This data

were 1:24,000 scale Digital Line Graphs. An origi-
nal topographic map of the land, before the darn
was built, was obtained and digitized. Once the
map was digitized, the elevation point data were
interpolated to create a continuous grid and a raster
iinage as shown in Figure la. The recent topo-
graphic survey of Charles Mill Lake was obtained
from the Army Corps of Engineers. The survey
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Figure 1. Topographical maps of Charles Mill Lake, in 1998  above!
and in 1934  below!.

was done in 1998 with cooperation with the
MWCD using a Global Positioning System  GPS!
and sounding equipment. These data points were
also interpolated to create a raster image as shown
in Figure 1  top!. The analysis of these two topo-
graphic images indicates that most of the sediment
deposits has been located in the main channel,
especially in the north section of the lake,

Based on the above result, the sampling loca-
tions were chosen to best represent the lake and
sediment deposits, Figure 2 shows the distribution
of the sampling location in the Charles Mill Lake.
The sampling was taken from each location in July
of 1998. Samples were retrieved with a gravity
corer that could collect a core two feet long and
three inches in diameter. Each sample was
described in the field book, and the location was
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taken down on the map and with a GPS, The
description included the sample number, color,
general soil classification, location, length of core,
and time taken. Each sample was bagged and
marked with identification for laboratory testing
and analysis,

Moisture content testing and mechanical sieve
analysis was conducted for each sample. The
results were input into the associated coordinates
along with the sample's general description. The
data were further analyzed by a spline interpolation
method to obtain a spatial distribution  Mitus and
Mitasova, 1988!. The particle-size distribution
curve was developed for all samples. From the
curves the D>0, D3p Dgo D60 iliid D90 values
were interpolated and used for data points at the
respective sampling locations. The Dl< is the par-
ticle diameter that corresponds to 10% finer on the
particle-size distribution curve. In other words,
90% of the particles are larger than the Dip value.
The particle-size distribution curves were further
used to determine the percentages of four classified
materials, namely, gravel, coarse sand, fine sand,
and silt/clay. It is noted that the total of these four
percentages should be equal to one. The size of
the soil in each class is listed in Table 2.

Table 2. Soil classification by particle sizes.

Sampling results are analyzed by the spline
method, The analysis using the spline method
imposes that the surface must exactly pass through
the samphng locations during the spatial interpola-
tion. In addition, the cumulative sum of the squares
of the second derivative terms taken over each
location on the surface must be a minimum. The

spline method fits a mathematical function to a
specified number of points, while passing through
the sampling locations. It is assuined that the
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Figure 2. Sample point locations in Charles Mill Lake.

sediment deposits are continuous and have only
moderate variations between sampling locations,
The method worked reasonably well to interpolate
sampled data smoothly.

The four classified sediment deposits are
assumed geographically referenced variables. The
interpolation using the spline method was conduct-
ed for each soil class resulting in a set of grid val-
ues that can be expressed as an image, Figure 3 is
an example of gravel image that shows the geo-
graphical distribution of gravel deposit in the reser-
voir. It can be seen that two locations in the main

channel have the high percentage of gravel deposit.
One of the locations is the downstream of a high-
way bridge and likely has a high velocity. It is
noted that the percentage addition of the four class-
es should is equal to one at any given location
based on the defined classification. The spline
method resulted in 5% error for only 2.6% of the
grid analyzed; only 0.4% of the grid contained
more than 10% error.

It is found that the sediment deposit in the lake
contains only a small portion of gravel, about

Figure 3. Percent gravel, based on the spline method of
interpolation.

Figure 4, Diameter corresponding to 90k fines in the particle size
distribution.

4.4%. Since the gradient of the stream is small, the
flow is moderate and is not able to carry suspended
gravel to the reservoir. The maximum percentage
of gravel is about 50% near the bridge and in the
southwest side of the lake. The bridge constricts
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the only connection from the north section to the
south section of the lake and causes the down-

stream scouring. The smaller particles are eroded,
the larger particles remain, The average D~ for
the sediment is 0.070 inches, where the D90 for
downstream of the bridge is 0.30 inches as seen in
Figure 4.

On the other hand, the effective size or average
Di 0 for the sediment deposits is 0.0046 inches.
The sediment deposits of smallest effective size are
located near the entrance of the Black Fork Creek

 see Figure 5!, This may be due to the velocity
decrease before the flow entering the lake. Once
the flow enters the lake, the water becomes calm
because of the constriction. The effective size
increases after the bridge constriction in the down-
stream end. The percent of silt and clay is the
greatest near the entrance of the Black Fork Creek,
around 20%. The percentage of silt and clay
decreases near the dam, which is an unusual phe-
nomenon against the general rule that the fine
deposit is near the dam.

The uniformity coefficient, C�, was used as a
factor to further examine the composition of sam-
pled sediment deposits  Braja, 1994!, It is defined

CONCLUSIONS

Figure 5. Diameter corresponding to 10% fines in the particie size
disnihution.

where D60 and DI0 are the diameters of particles
obtained form the particle-size distribution curve
for 60% and 10%, respectively,

The sediment deposit is usually gravelly if the
uniformity coefficient is greater than four; it is
sandy if the uniformity coefficient is greater than
six. The main sandy area is in the middle of the
southern section of the lake, Most of the sediment
qualifies as nonuniform since its uniformity coeffi-
cient is less than four,

The coefficient of gradation, C, is used to
determine how varied particles of sediment
deposits are graded  Braja, 1994!. It is defined as

6G

>Is

where D30, D60 and Dip are the diameters of parti-
cles obtained from the particle-size distribution
curve for 30%, 60%, and 10%, respectively. When
the coefficient of gradation is between one and
three, the sediment deposits are considered well
graded. It is found that the area upstream of the
highway bridge is not well graded, but the area
downstream of the bridge is well graded.

The thickness of sediment deposits in the lake
over the 60-year period is dependent on the chang-
ing ground elevation, as depicted in Figure 1. The
original channel in the southern section has the
greatest depth of sediment, Because of the sedi-
mentation, the bottom of the lake appears smooth
and flat, most markedly along the original main-
stem of the river and just upstream and down-
stream of a highway bridge,

It was found that the major sediment deposits
in Charles Mill Lake are along the original main-
stem of the river, There is a minimum percentage
of gravel in the composition of sediment deposits,
and the settlement of gravel is mainly located at
two apparent areas as graphically shown in the
analyzed result, The uniformity and gradation pro-
vide the geographical distribution of sediment
deposits, by which locations for sediment disposal to
form wetlands are selected for the dredging program.
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Innovative Erosion Control Involving the Beneficial Use of Dredged Material,

Indigenous Vegetation and Landscaping along the Lake Erie Shoreline
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ABSTRACT: Current conventional methods used to retard shoreline erosion include

the installation of breakwaters, groins, and jetties. Sand replenishment is often used in
coittlunction with these methods when shorelines are being extended or restored. These
techniques, though often functional, are costly and can detract from the natural
environinent.

This paper describes an innovative erosion protection project at Presque Isle State Park.
This low cost, innovative demonstration project minimized erosion in the lesser energy
zone of Misery Bay in Presque Isle State Park by utiTizing native plants, bioengineering,
and non-conventional erosion practices. The project, funded with a matching grant
from the Great Lakes Conunission, was completed in the spring of 1999 and early
indications are that it has the potential of serving as a model for other lesser energy
zones of bays and inlets along the Great Lakes.

Key words: beneficial use, indigenous vegetation, cost-effective, Lake Erie, PA

INTRODUCTION

Conesponding author, telephone: 717-787-7398;
fax: 717-705-5549; email: ecomoss@state.pa.us
Reprinted in part from Ecological Engineering, Vol. 19:3, Comoss,

Kelly and Leslie, Innovative erosion control involving Ihe beneficial
use of dredge material, indigenous vegetanon and landscaping, along
the Lake Erie Shoreline, pages 203-210, Copyright 2002, with
permission from Elsevier.

Protection of recreational beaches along ocean
coasts and inland lakes, bays, and inlets, as well
as finding a beneficial use for dredged material
has become a sensitive issue to a diverse public.
It is often difficult to find a solution that makes

good engineering sense while maintaining envi-
ronmental responsibility,

Current conventional methods used to retard

shoreline erosion include the installation of break-

waters, groins, and jetties. Sand replenishment is
often used in conjunction with these methods
when shorelines are being extended or restored,
These techniques, though often functional, are

costly and can detract from the natu' environment.
In the past, dredged inaterial has been viewed

as a "necessary evil" associated with overdevelop-
ment of coastal areas. Through the years, hun-
dreds of tons of sediment have been dredged each
year for commercial and recreational purposes and
subsequently discharged into land-based disposal
facilities or into our oceans, estuaries, rivers and

lakes. As the space for disposal facilities reaches
capacity, and discharge into water bodies becomes
more of an ecological concern, the problein arises
as to what to do with this material.

The purpose of this presentation is to describe
in detail how Presque Isle State Park, located
along the shoreline of Lake Erie in Pennsylvania,
implemented an innovative erosion protection
project which also included the beneficial use of
dredged material. This low cost, innovative
demonstration project minimized erosion in the
lesser energy zone of Misery Bay in Presque Isle
State Park by utilizing native plants, bioengineering,
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<hedged material, and non-conventional erosion
practices. The project, funded with a matching
grant from the Great Lakes Commission, was com-
pleted in the spring of 1999 and early indications
are that it has the potential of serving as a model
for other lesser energy zones of similar bays and
inlets along the Great Lakes.

BACKGROUND

Presque Isle State Park is a 3,200-acre migrat-
ing sand spit that juts 7 miles into Lake Erie and is
a major recreational landmark for approximately 4
million visitors each year. The park, a National
Natural Designated Landmark, is particularly envi-
ronmentally sensitive with its constantly evolving
shoreline and the presence of numerous plants rec-
ognized as being of exceptional value.
Additionally, the Audubon Society rates Presque
Isle as one of the top birding areas in the northeast.

Protection of the spit has been an ongoing
process since 1828. Along the Lake Erie shoreline,
a series of conventional erosion control techniques
such as groins, bulkheads, seawalls, and beach
nourishment have been used with varying success.
Between 1989 and 1992, many of the previous
structures were removed and 55 offshore rubble

mound breakwaters were constructed. Since coin-

pletion of the breakwater construction, shoreline
maintenance has been limited to an annual beach

nourishment program. Construction of the break-
waters has decreased sand purchased for annual
nourishment by 75 percent, from approximately
302,000 cubic yards before breakwater installation
to approximately 40,267 cubic yards after break-
water construction.

Since 1975, the beaches along the lakeside of
the park have been annually nourished; nourish-
rnent amounts vary based on fluctuating lake levels
and storm severity, The prevailing winds along the
lake are from the west, and as a result, the beach
sand is in continual motion as it moves in response
to longshore transport. While most of this transient
sand is redeposited in offshore bars in the lake,
some of the sand  generally the finer material! is
carried around the distal end of the spit into the
back bay area. Accumulation of this fine-grained
sand in the back bay area has been a continual
problem as these shaIlow areas become choked
with sediment. As a result, the park struggles with

the problem of dredging these areas and finding a
suitable disposal option for the dredged material,

Presque Isle was officially designated a state
park in 1921, and in 1993, a Resoiuce
Management Plan was developed in order to pro-
tect the park's ecosystem. Within the park's
Resource Management Plan, much of Presque Isle
was designated as either a low density or natural
area, These areas are defined as places that exhibit
significant natural processes and resources and
where very little to no development of recreational
facilities or infrastructure is to occur.

Historically, protection of the shoreline from
erosion had been accomplished along the Presque
Isle Bay side of the park by utilizing large stones
to riprap the shoreline. Although this process was
very effective in preventing shoreline erosion and
was quite suitable in the more developed recre-
ational areas of the park, this solution did not con-
cur with the desired results and appearance speci-
fied by the Management Plan for the low density
and natural areas.

As a result of the delicate ecosystem of the
spit, specific erosion problems along the bay, and
the development of a sand bar within the park's
back bay area, the decision was made to seek
funchng to advance an innovative solution to these
problems. With this goal in mind, the Department
of Conservation and Natural Resources, Bureau of
State Parks � Presque Isle State Park, in conjunction
with the Presque Isle Partnership, secured funding
via a matching grant from the Great Lakes
Commission, The project coordinated efforts
between state and federal government units, as
well as private, non-profit volunteer organizations
to design, implement, and provide construction
services for the project. This project brought for-
ward a concept that provided the park with the pro-
tection needed for the infrastructure as well as cre-

ating a shoreline appearance that resembled natural
shorelines along environmentally sensitive areas of
the park, Additionally, the project provided a
beneficial use of dredged material from the back
bay sand bar.

In order to realize the goals of the project, the
decision was made that rather than solely utilize
conventional riprap, the project would incorporate
a combination of riprap as well as indigenous
vegetation, bioengineering, dredged material, and
innovative landscape architecture to retard
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shoreline erosion along a heavily used multi-pur-
pose trail. Completion of this project has provided
valuable information to other parks and recreational
facilities in the Great Lakes area  especially along
bay inlet areas! who are also faced with the chal-
lenges of minimizing erosion and sedimentation as
well as fining a beneficial use for dredged material.

PROBLEM AREAS

There are numerous recreational features with-

in the park. One of these is a 9.6-mile multi-pur-
pose trail. This trail, designated as a National
Recreation Trail, begins at the park entrance and
completes a 13 5-mile loop throughout the park.
This is the most popular trail within the park, and
is heavily used by bicyclists, joggers, roller
bladers, and is wheelchair accessible. Because of

its popularity, protection of the trail from erosion is
paramount.

A portion of this trail hes along the southern
shoreline of the peninsula within Presque Isle Bay,
Misery Bay, Marina Lake, and Thompson Bay; this
area had been exhibiting significant erosion. Since
this area was adjacent to Presque Isle's ecological
reservation area, the standard riprap remedy was
not appropriate because it did not match the park's
designated management prescriptions.

Another popular tourist attraction is the Perry
Monuinent, dedicated to Commodore Perry. The
area surrounding the monument, located along
Misery Bay, receives widespread use for shoreline
fishing as well as the launching of recreational
boats. Although wave energy along the shoreline
of Presque Isle Bay is less active than along the
lakeshore, fluctuating water levels and currents
caused a significant sand bar to develop off the
northeast tip of Perry Monument. The sand bar
measured approximately 300 feet long by 25 feet
wide by 5 feet deep �,600 cubic yards! and
severely restricted recreational boat usage.
Removal of the sand bar was essential to preserve
the recreational activities at the monument.

A small portion of this sand undoubtedly was
the beach sand along the Lake Erie side of the spit.
Since the finer materials are the first to erode, as
may be expected in this back bay area where wave
energy is less, this sand was of a sinaller grain size
than the beach sand.  Median grain size of the
nourished beach sand was 2.0 millimeters, while

the grain size of the dredged material was 0,85 mil-
limeters.! The probable source for the remainder of
this sand was the erosion of the shoreline aroimd

Misery Bay. Historical photos of this area show
that the east shoreline of Misery Bay has eroded
several hundred feet since the late 1800's. Suitable

disposal of this sand would be difficult because of
its susceptibility to erosion no matter where it
would be placed. Rather than follow the standard
disposal options of this dredged material, the park
wanted to find a constructive use for this sand.

There had also been some public concern
brought to park management that recent amphibian
research identified that riprapped shorelines may
be causing a decline in turtle populations through-
out the Erie area  but not specifically at Presque
Isle State Park!. The park does have a significant
turtle population  9 different species, one of which,
the Blandings turtle is listed in Pennsylvania as a
species of special concern! and the shoreline along
Misery Bay has been observed as a significant
nesting area for the common snapping turtle. With
this information in mind, it was determined that an
alternative to riprap would be beneficial to the
park's turtle population.

PROJECT DESCRIPTION

Figure 1 illustrates a cross-section of the proj-
ect area, The first phase of the project was to
remove some of the sand from Perry Monument.
After passing the mandated state tests for disposal
of dredged material, and in accordance with all
applicable permits and regulations, approximately
1,200 cubic yards of material from the sand bar
was dredged and placed in a staging area within
the park so it could naturally dewater. The remain-
ing sand was then graded to provide a suitable
launch/mooring area for canoes and shallow boats.

The next phase involved the creation of a sta-
bilized area on the backside of Misery Bay where
the multi-purpose trail is adjacent to an ecological-
ly sensitive area of the park. In this area, signifi-
cant erosion had occurred, to the point that water
was only 10 to 15 feet from the trail, Initially, the
project proposed to install 4 to 10 inch-sized riprap
 R-4! approxiinately 25 to 30 feet from the existing
shoreline.

However, based on design criteria for the worst
case scenario for wave height, which in this area
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Figure i. A cruss section of the Misery Bay project area.

would be two to three feet, the decision was made

to place 12 to 24 inch-sized riprap  R-6! offshore;
it was felt that R-6 riprap would better protection
for the shoreline. Placement of the R-6 riprap,
which was below the water line, created an artificial

stone shoreline that protected the multi-purpose
trail by functioning as an erosion/wave energy
dissipater,

Once the rock was in place, the third phase
began. In this phase, the park placed the dewa-
tered dredged material  sand! over the newly
placed riprap, creating a higher elevation dune line,
This subsequently provided a bidder of approxi-
mately 25 - 30 feet between the water and the trail.
Next, to enhance the "natural" appearance of the
shoreline, randomly spaced downed trees and
stumps from the park �0 to 36 inches in diameter!,
minus the limbs, were used as timber groins. To
function as groins, the tree root bases were
anchored behind the riprap in the fill, and the
trunks extended out past the riprap and into the
water, also serving as sediment catch basins.

After the fill had been placed and prior to
planting, the decision was made to use geotextile
 comprised of coconut fiber cured to aid in
longevity! in conjunction with wattles  poles inter-
woven with slender branches! in order to augment
the vegetative plant rooting and further stabilize
the fine-grained dredged sand. The geotextile
woven material is biodegradable, but the plants
should be well established before it decomposes.

Within the fill material, several trenches, paral-
lel to the shoreline, were dug. First, the geotextile
was laid in the trench, and then the wattles were

placed on top � end-to-end and paraHel to the
shoreline, approximately at the average high water
mark, The geotextile was then rolled back over the
wattles and staked with live saplings of dogwood,
willow, redbud, and buttonbush. The wattles and

geotextile were then further secured by placing
sand on top; the sand helped to anchor the entire
apparatus against the wind. The geotextile and wat-
tles provided extra erosion protection to the shore
zone area, as well as ensuring a stabilized area in
the fine-grained sand for plant rooting,

Prior to planting of the indigenous vegetation,
plant community goals were established to ensure
that the plants would thrive in the newly created
environment. The plant commmuty goals were
developed by reviewing historical records of plant
cominunity structure in that area, consulting local
and regional plant experts, and considering wildlife
uses of the site, After the goals were recognized, a
vegetative planting plan was prepared, Final prepa-
ration of the site prior to planting included the
addition of topsoil to the upper layer of sand, and
shaping of the dune line.

The final phase was the vegetative planting.
For this phase, local sources of plant inaterial with-
in the park were identified for transplanting on the
dune, These included beach grass, Indian grass,
switchgrass, choke cherry, bayberry, and black oak,
Additionally, driftwood from local sources was
collected and was dispersed in the restored area to
provide shelter for the young seedlings and soil/lit-
ter organisms. Local sources of emergent wetland
plants were located, and these were then trans-
planted into shallow water below the wattle line



CONCLUSION

Transplanted aquatic plants included species that
enhanced the establishment of desirable native
emergent communities. These species, such as
bur-reed, duck potato, three-square, and soft-stem
bulrush were also beneficial to waterfowl.

After the native species were established, inva-
sive species, targeted in the Presque Isle
Partnership report, were mechanically removed as
they were encountered throughout the restored
areas. Herbicides were applied as necessary to
eliminate invasive species that could not be con-
trolled by mechanical means. The final objective
was to achieve at least 50% vegetative cover in
both the shoreline and dune habitats � this goal has
been achieved.

The completion of the project, which included
the construction of an off-shore "toe slope", timber
groins, breakwaters, and dune line, combined with
the planting of native vegetation and the beneficial
use of dredged material, has greatly reduced ero-
sion and has provided protection for the heavily
used multi-purpose trail.

Additionally, the newly created shoreline, adja-
cent to the park's ecological reservation area, is
home to several species of turtles. The project
afforded the park an opportunity to develop a gen-
tle sloping sand plain type shoreline conducive to
turtle migration and nesting.

The dual goal of the project was to combine
the beneficial use of dredged material, indigenous
plants, and landscaping to reduce sediment loading
into Lake Erie, and to protect the recreational
aspects of Presque Isle State Park.

The completed project has resulted in several
additional acres of stabilized vegetation and has
decreased soil and subsequent nutrient runoff froin
entering Lake Erie. The amount of material
removed from the Perry Monument sand bar has
facilitated recreational boat usage and shoreline
fishing in this area. In addition, turtles have nested
and they have been observed travelling along the
restored shoreline areas of the project.

The placement of deadfall trees and roots as
groin structures and sediment catch basins along
the project at Misery Bay have provided excellent
resting habitat for the numerous waterfowl species
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that make Presque Isle their home and migratory
stopover location, Huncheds of ducks and geese
can be seen at various times of the year resting on
or near these structures.

The native plantings of wattles and live stakes
provide for shoreline protection by way of their
roots, and also serve as food sources and habitat
for several hundred of the park's avian species.
This also provides the visual landscape to the proj-
ect that Inatches the Management Plan directive to
conserve natural qualities throughout Presque Isle
State Park.

Through the years, conventional erosion pro-
tection techniques at Presque Isle State Park have
been both costly and inappropriate for natural area
management, Conversely, this economical project
with a total cost of $33,000 has provided a natural
and aesthetic alternative to conventional shoreline
erosion protection, has provided a beneficial use
for dredged inaterial, and has provided an area for
turtle migration and egg hatching. While remain-
ing within standard bureaucratic financial con-
straints, the project affords a valuable example to
other parks and recreational facilities along the
Great Lakes faced with the challenge of minimizing
erosion while maintaining a natural appearance,
and finding a beneficial use for dredged material.
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PROJECT DESCRIPTION

The goal of this project is to develop sediment
decontamumtion facilities that can be used to handle
a substantial fraction  ca. 375,000 m'/year! of the

lCorresponding author; telephone: 212-637-3806;
fax: 212-637-3889; email: stem.ericQ'epamail.epa.gov

ABSTRACT: Our group is leading a large-sale demonstration of dredged material
decontamination technologies for the New York/New Jersey Harbor. The goal of the
project is to assemble a complete system for economic transformation of contaminated
dredged material into an environmentally-benign material used in the nianufacture of
a variety of beneficial use products. This requires the integration of scientific,
engineering, business, and policy issues on matters that include basic knowledge of
sediment properties, contaminant distribution visualization, sediment toxicity, dredging
and dewatering techniques, decontamination technologies, and product nianufacturing
technologies and marketing. A summary of the present status of the system
demonstrations including the use of both existing and new manufacturing facilities is
given here. These decontamination systems should serve as a model for use in dredged
niaterial management plans of regions other than NY/NJ Harbor, such as Long Island
Sound, where new approaches to the handling of contaminated sediments are desirable.
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dredged material produced in the Port of New
York/ New Jersey as a result of dredging for main-
tenance of navigational channels and for environ-
mental purposes. To this end, more than 10 differ-
ent technologies for decontamination have been
carried through bench-, pilot-, and large-scale tests,
In addition, consideration has been given to the
basic science needed to understand contamination

transport, decontamination cheinistry, biotoxicity,
and beneficial use. Such information is needed for

making dredging decisions, assessing environmen-
tal and human health effects, and optimizing sever-
al types of decontainination technologies.
Sures of project work have been given in a
nuinber of publications and reports  Jones et rd.,
2000; 1999a & b; 1998a & b; 1997; Ma et al.,
1998; Stern er al., 1998a,b & c!, Publications and
technical reports on project demonstrations can be
found on our project web site  http: //www.wrdad-
con.bnl.gov!.

During 2001, a project using a sediment/soil
washing technique will be implemented in cooper-
ation with BioGenesis and BASF. The work will

combine remediation of a BASF brownfleld site
together with construction of a BioGenesis sedi-
ment processing facility with a throughput of
180,000 m'/year on that site. Another 2001 project
using a high-temperature process developed by the
Gas Technology Institute/Endesco will be con-
structed on a second site. It will be able to process
about 22,500 rn'/year of as-dredged sediment with
moisture content of 60%.

Sediment cleaning is a multistep process
beginning with dredging the sediment, cleaning,
and ending with disposal of the clean material.
The beneficial use of the material is a key factor in
determining the success of the decontamination
process. The beneficial use products from the
facilities will be manufactured soil and ceinent

which can be sold to generate a revenue stream to
bring tipping fees into a range that is economically
feasible for the Port of NY/NJ.

DEMONSTRATION PROJECTS

We have taken a very broad view of the need
for decontamination technologies in the NY/NJ
Harbor region. The two obvious requirements for
any technology are that they have affordable treat-
ment costs and no adverse environmental impacts.

The technologies were selected from responses to
several requests for proposals. The work was
structured as a series of step-by-step demonstra-
tions proceeding froin small-scale to large-scale.
At the end of each step, the technologies that
would move forward in the demonstration process
were selected. A list of all the technology organi-
zations participating in the demonstrations is given
in Table 1,

Table l, Technology organizations participating in the dredged
material decontamination demonstrations,

SCIENCE

Pathways for contaminant accumulation and
transport include coinplicated physical and chenu-
cal processes that depend on sediment properties
on a grain-size scale. These processes depend on
sediment properties such as grain size, specific sur-
face area, mineral composition, and contaminant
chemistry. Information of this type is needed not
only on a macroscopic scale, but also on the grain-
size scale. This type of data is necessary for
improved modeling of transport and fate of the
contaminants and also to help in optimizing physico-
chemical approaches to sediment decontanunation.
We have conducted microscale survey experiments
using high-intensity synchrotron x-ray sources at
the Brookhaven National Synchrotron Light Source
 NSLS!  http: //nslsweb.nsls,bnl,gov! and the
European Synchrotron Radiation Facility  ESRF!
 http: //www,esrf,fr!, The techniques that have been
applied include x-ray fluorescence, x-ray radiogra-
phy, x-ray absorption near-edge spectroscopy
 XANES!, Fourier transform infrared spectroscopy,
and absorption and fluorescent computed microto-
mography. The spatial resolutions used generally
range from about 0.0001 mm to 0,015 mm.

A computed microtornogram measured for a
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sediment sample is shown in Figure I as an exam-
ple of this approach, The experiment gives a three-
dimensional view of the packing of sediment parti-
cles and shows the pore space and the connectivity
of the material. Data of this nature will serve as

the foundation for a microscopic model of contam-
inant transport. Other experiments show the distri-
bution of organic and inorganic compounds on the
sediment grains, These data can be used as the
basis for designing water jets used for mechanical
cleaning of particle surfaces and for choosing the
best approaches for use of chemical removal of
contaminants by chelators and surfactants,

Figure 1. Computed microtomotpum showing grains and pore spaces
in Newtown Creek sediments. The color scale shows the variation of
the x-ray absorption coe%cients in the different particles with the
lighter areas being the most strongly absorbing. The dark spots are
indicative of pore space. The linear pixel dimension is 0,0068 mm.

PHYSICO-CHEMICAL SEDIMENT PROPERTIES

The macroscopic properties, as well as the
microscopic properties, of the sediments from the
Port of NY/NJ are of great importance for under-
standing contaminant transport, selection and
application of decontamination technologies, and
evaluation of beneficial use avenues. For example,
a simple measurement of the grain-size distribution
is crucial for design of protocols for applying the
BioGenesis sediment washing technology. As
shown in Figure 2, the sediments in the Port are
very fine grained and thus present a challenge for
the apphcation of a washing technology. X-ray

diffraction is used for determination of major oxide
composition. This information is needed so that in
a cement production process compounds can be
added for optimal cement composition. Thermal
desorption measurements are helpful in giving
qualitative information on the concentrations of the
organic materials found in the sediments.

i c zcce '-' o t c z c czc.c
'ctcc cc'f ccc cite I ciecc

Figure 2. Distributions of grain sizes found for typical dredged
material from NY/N J Harbor.  Courtesy of The Port Authority of
New York & New Jersey!

TECHNOLOGY TREATMENT EFFECTIVENESS

Treatment effectiveness, as determined in the
bench-scale tests, is shown for seven different tech-

nologies in Figure 3. The three at the right are
high temperature approaches and are the most
effective in destruction of organic compounds.
The results for BioGenesis/Weston and the Gas

Technology Institute/Endesco projects are num-
bered I and 6, respectively. See the descriptions of
their continuing demonstrations below.

BIOGENESIS/WESTON SEDIMENT/SOIL WASHING

DEMONSTRATION, KEARNY, N J

The BioGenesis/Weston demonstration uses a
combination of a high-pressure water jet, surfac-
tants, and chelators to remove metals and organic
materials from contaminated sediments and soils.

It is an advantageous approach since the capital
costs are comparatively modest and the throughput
is high. The equipment is modular so that the total
processing capacity can be readily increased. A
schematic diagram of the process is shown in
Figure 4. The demonstration unit will process
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Figure 3. Treatment effectiveness for bench-scale tests of seven
different technologies.

Figure 4. A schematic diagtam of the BioGenesis Enterprises sediment
washing process.

Figure 5. A simplified diagram of the GTI/Endesco process for
producing cement from dredged material. Modifiers are added to
adjust the composition to yield the best cement composition.
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180,000 m'/year. The decontamination work will
be combined with remediation of a brownfield on

the site and capping of contaminated sediment
along the shoreline in order to produce a wildlife
refuge, ecological, education center, and nature
viewing area, This will be done as a public-private
partnership involving local, state, and federal agen-
cies, elected officials, and community groups
working with the commercial groups of
BioGenesis and the BASF Corporation. BASF is
the owner of the site and has been instrumental in

developing the concept.

GAS TECHNOLOGY INSTITUTE/ENDESCO ROTARY

KILN DEMONSTRATION, KEARNY, NJ

The Gas Technology Institute demonstration
will be implemented at a brownfield site on the
west bank of the Hackensack River in Kearny, NJ.
A rotary kiln �400 C! will be used to melt a mix-
ture of sediments and modifiers to form a cement

matrix of calcium-alumino silicates. The melt is

then pulverized and mixed with additives to make
construction-grade cement. Organic compounds
are destroyed and metals are locked in the product
matrix. Exhaust gases are cleaned up to ensure no
organic compounds are emitted and to remove
volatile metals. A simplified diagram of the
process is shown in Figure 5. The construction-
grade cement produced has compressive strength
properties that exceed ASTM standards for
Portland cement. The metal concentrations are

similar to those found in commercially available
cements. The material also passes standard leach-
ing tests for metal removal.

Production of a cominercial-grade product was
demonstrated in the initial bench- and pilot-scale
tests. Effective beneficial use is dependent on the
existence of a suitable market. Available data

show the demand for cement increasing by about
800,000 metric tons per year. Thus, production of
cement from sediment could help to reduce the
need for added iinports to meet demand.
Marketing and distribution of the cement can be
accomplished either by direct sales to end-users
 e.g., ready-mix plants, construction companies! or
to an existing cement manufacturer. The high
value of the product will help to make this process
competitive with other dredged Inaterial
management options.
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It is clear that our most pressing near-term task
is to bring the two large-scale demonstrations of
GTI/Endesco and BioGenesis Enterprises to com-
pletion. One point to be considered in so doing is
to solve the problem of matching high-peak vol-
umes of dredged material generated in the dredging
process to the capacities of the decontamination
facilities. This can be done by inserting the equiv-
alent of a buffer tank at the entrance to the process-
ing treatment train. In practice, we propose to
build, as a buffer tank, a small, contained disposal
facility with a capacity of about 180,000 to
375,000 m' to serve as the input source of the
dredged material to the BioGenesis Enterprises
treatinent facility.

Work on other tasks is also planned:
~ The feasibility of using additional technologies

for sediment processing needs to be investigated
at the bench- and pilot-scale levels.

~ The results of our demonstrations need to be

implemented in other regions. Extending
infant collaborations in the Great Lakes and

Puget Sound regions can do this,
There are several barriers to technology imple-
mentation  regulatory, contracting! that need to
be OverCOme. One very iinpOrtant barrier iS
the reluctance of many agencies to let long-
term contracts for processing dredged material.
This makes raising private financing for facility
capital construction costs difficult or impossible.

It is important to extend the types of beneficial use
products that can be produced from sediments,
This is of importance if we are to be able to view
dredged material as representing a natural resource
for the manufacture of a variety of products.
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Engineering Issues for the Development of Wetland Cells at Poplar Island

Restoration Project, Chesapeake Bay

RAM K. MOHAN

DENMs C. URso'

Gahagan dz Bryant Associates, Inc.
9008-0 Yellow Brick Road

Baltimore, MD 21237 USA

ABSTRACT: Poplar Mand is located in Chesapeake Bay, east of Washington D.C. The
restoration of Poplar Island to the approximate 1847 footprint of 1,100 acres, using
clean dredged material was conceived by the Maryland Port Adnunistration  MPA! in
cooperation with the U.S. Army Corps of Engineers, Balthnore District  CENAB!,
Maryland Enviromnental Service  MES!, state agencies, federal agencies and private
organizations. The restored island will be used as a placement site for dredged material
from the outer approach channels to the Port of Baltimore. With a projected site
capacity of about 40 million cubic yards, the operational life of the Poplar Island site is
estimated to be approximately 15 to 20 years. This paper addresses the key engineering
issues related to development of the wetland cells at Poplar Island, and outlines the
methodology used to solve the issues.

Key words: wetland restoration, beneficial use, Chesapeake Bay, hydraulic models,
engineering design

INTRODUCTION

PHASE I CONSTRUCTION

Water depths in the project area vary from 0.6
to 4 m  -2 to 12 ft! below project datum, MeanCorresponding author; telephone: 410-682-5595;

fax: 410-682-2175; email: Dcurso I8 Sba-inc.corn

Poplar Island is located in Chesapeake Bay
about 32 miles southeast of Baltimore-Washington
International Airport and 35 miles east of
Washington D,C. The Poplar Island restoration
project was recommended by Governor Schaefer's
Task Force and involves restoration of habitat lost

through the erosion of Poplar Island. The project
involves creation of aquatic, inter-tidal wetland,
and upland habitat for fish and wildlife, This ben-
eficial use project also helps maintain more than
125 tniles of federal navigation channels that pro-
vide access to the Port of Baltimore. In connection

with the restoration plan for Poplar Island, U.S.
Army Corps of Engineers, Baltimore District
 CENAB!, Maryland Port Administration  MPA!
and Maryland Environmental Service  MES! are
preparing a Site Development Plan  SDP! for
managing the filling and the development of wet-
land cells. Gahagan & Bryant Associates, Inc
 GBA! was retained by CENAB and MPA through

MES for assistance in site development.
In April 1997, MPA entered into a Project

Cooperation Agreement  PCA! with CENAB to
construct the Poplar Island Restoration Project
under the provisions of Section 204 of the Water
Resources Development Act  WRDA! of 1992.
Due to funding and schedule limitations, the proj-
ect was divided into two phases;  i! Phase I - 638
acres, and  ii! Phase II � 504 acres  see Figure 1!.
CENAB awarded the Phase I contract to Kiewit

Construction Company, in January 1998, for a
total price of $45.4 tnillion, Phase I construction
was coinpleted in March 2000. The Phase II con-
tact was awarded to Tidewater Construction

Company, in April 2000, for a total price of $37.6
million. Phase Ii is currently under construction,
and development of the Phase I wetland cells is
currently being planned and impletnented.
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Figure 1. Layout of the Poplar Island Restoration Project.

Lower Low Water  MLLW!. The mean tidal range
at the site is approximately 0.4 m  -1.2 ft!, and the
mean high spring water level is 0.7 m  -2.5 ft!
above MLLW. During a 100-year storm, the water
levels could rise as much as 2 m  -7 ft! above
MLLW  GBA and MAN, 1996!.

Phase I construction consisted of a contain-

ment dike system �5,000 ft of perimeter dikes and
13,000 ft of interior dikes!, including exterior stone
toe dike, sand core, slope underlayer and slope
armor stone. The sand core material was excavat-

ed from subaqueous borrow pit areas on site. The
various stone products were mined in a quarry in
West Virginia, railed to Baltimore and then barged
to the project site. Phase I dike construction
included about 500,000 tons of stone and 3,5 mil-

lion cubic yards  mcy! of sand,

There are several engineering issues with
regard to the successful development of wetland
cells at Poplar Island:  a! How much fledged
inaterial will be placed in each cell to obtain the

final desired wetland elevation?  b! What is the
rate and final completion of dredged material
consolidation?  c! How will multiple dredging
projects  with variable consolidation characteris-
tics! affect the consolidation process?  d! What
will be the specific inflow sequence for material
placement at the site?  e! How will the material be
dewatered and managed to meet the final wetland
objectives?  f! How many breaches will be
required and what are the dimensions?  g! What
will be the internal channel layout and geometry
for flushing the wetland cells?  h! When is the
right time to plant and or seed the cells?  i! What is
the criterion and how will vegetation success be
monitored? and  j! What are the construction and
cost considerations? In order to address these

issues, the "development cell" concept was intro-
duced to "test" the engineering design variables
prior to full-scale site development.

THE "DEvELoPMENT CELL" CoNcEPT

In order to study the various factors that could
potentially influence the successful development of
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wetland cells at Poplar Island, it was decided to
construct a 33-acre wetland "development cell"
 see Figure 1!. A cross dike  Cell 3D cross dike! is
being constructed across wetland cell 3 to aid in
formation of the development cell 3D, Spillways
will be used to convey ponded water pumped into
the cell during placement operations. It is envi-
sioned that approximately 0.25 mcy of dredged
material will be placed in Cell 3D to construct the
wetland. There will be a 2-month hiatus after

placement of the first 0.15 rncy of material, to
accelerate consolidation, Following the 2-month
hiatus, the remaining 0.10 mcy of material will be
placed in the cell. Once the material is 90% con-
solidated, indicating the achievement of a stable
surficial condition, interior channels will be
constructed.

There will be three p~ marsh zones in
Cell 3D with specific MLLW reference elevations:
 i! The mudflat  elevation 0,0 to +0.3!;  ii! The low
marsh  elevation +0,3 to +1.8!; and  iii! The high
marsh  elevation +1.8 to +2.2!. Tidal channels in
cell 3D will consist of primary channels �5-50 ft
wide and 3 ft deep!, and several secondary
 branch! channels �5-25 ft wide and 3 ft deep! for
providing circulation. In addition, cell 3D has a
bird habitat island with a surrounding 50 ft wide
and 5 ft deep moat channel. Once the dredged
material has consolidated and stabilized, the east-
ern dike of the development cell will be breached
to form a 100 ft wide opening to facilitate tidal
flushing.

FIELD DATA COLLECTION

A three phased field data collection program is
being planned for Poplar Island wetland develop-
ment:  i! Reference Marsh Sampling � this
involves detailed sampling of several reference
marshes in the area to define the elevation ranges
of the various marsh zones  mudflats, low and high
marsh!,  ii! Hydraulics Sampling � this involves
sampling of natural channel geometry and velocity
distribution, in connection with wind and tidal
measurements at select locations,  iii!
Development Cell �D! Sampling � this refers to
detailed measurement of the geotechnical,
hydraulic, and biologic  vegetation! performance
of the development cell using periodic cell surveys,

geotechnical sampling, channel velocity measure-
ments, tidal elevation monitoring, and vegetation
monitoring. Note that final details on the field data
collection plan are being reviewed and no decision
has been as to the actual plan to be implemented
on site.

MODELING OF SEDIMENT CONSOLIDATION

During the process of dredging materials from
the navigation channels, the in-situ density  hence
void ratio! of the material is altered, resulting in an
overall increase in void ratio As the material is

placed at the site  typically using a hydraulic
unloader!, the addition of water causes the material
to expand or "bulk" even further. Following place-
ment, the height of the dredged material is reduced
by four mechanisms:  a! sedimentation,  b! pri-
mary consolidation,  c! secondary compression,
and  d! desiccation. Of these, the sedimentation
process is usually complete within a few days after
initial material placement and so it is not critical to
the long-term material elevation prediction.
Settlement due to secondary compression is often
quite small when compared to the primary settle-
ment and it is often neglected. Primary settlement
and desiccation are therefore the key factors to be
determined, Given the minimal tidal amplitude at
the Poplar Island site, the vegetation is expected to
have a very narrow range of tolerance to changes
in elevations. Therefore, it is critical to accurately
predict, plan, design and monitor for the proper
wetland material elevations,

It was decided to use the U.S. Army Corps of
Engineers' Waterways Experiment Station  WES!
computer model, PSDDF  Primary consolidation,
Secondary compression and Desiccation of
Dredged Fill! to predict the "bulking" and "shrink-
age" characteristics of the dredged material placed
within Poplar Island cells. PSDDF simulates the
primary consolidation, secondary compression and
desiccation processes in fine-grained soils using
the finite strain theory of consolidation and an
empirical desiccation model, Over 70 model runs
were performed for the Poplar Island cells. At each
run location, monthly inflow thickness of dredged
material fill was computed for model input using
the expected volume of material to be placed at
each cell. The modeling plan was selected to
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include simulations for a range of placement rates
and lift thickness for the various cells  ranging
from 3 ft to as much as 27 ft!.

Model results indicate that settlements for the

3 ft lift varied from 0.6 to 1 ft for the various cells

 based on area and rate of fill!, It took approxi-
mately 1.5 years for the 3 ft lift to fully consolidate
and stabilize  GBA, 1999!. For the 6 ft lift, the
settlements varied from 2 to 2.5 ft for various cells.

The time to stabilize for the 6 ft lift was nearly 3.5
years. For larger lift thickness, the settlement and
the time to stabilize increased to approximately
50% of the lift thickness and more than 4 years.
The model will be refined during and after filling,
using actual observations collected as part of the
field-monitoring program.

MODELING OF CELL ELEVATIONS

Using the results from the PSDDF model, a
Digital Terrain Model  DTM! was developed for
Poplar Island wetland cells. The DTM for Poplar
Island represents a spatial view of material eleva-
tions at the site at various time periods subsequent
to placement. The DTM was generated using esti-
mated material consolidation at known grid points.
The DTM is an ideal tool to plan inflow locations
to obtain specific final material contours a various
locations within the cells, The methodology for
developing the digital terrain model consisted of
the following steps:  i! Review of PSDDF Model
Results;  ii! Establishment of the decant surface for
the first iteration;  iii! Establishment of the consoli-
dated cell surface at six months, one year, two
years and four years after decant  timeW!; and  iv!
Multiple iterations to hit target elevations for the
various marsh zones, The results of the DTM

model were then used to layout the tidal channels
for flushing,

DESIGN OF MARSH CHANNELS

This process consisted of the following steps:
 i! Determine biological bench mark elevations for
the marsh zones,  ii! Review reference marshes
with similar amplitudes to determine the channel
density to inter-tidal marsh plain area. Determine
the width of the marsh plain that can be effectively
flushed using empirical relationships;  iii! Estimate

the volume of water that has to be freely exchanged
during a tidal cycle to produce an unrestricted
channel geometry, especially at the breach openings.
Develop conceptual layout of the channels;  iv!
Evaluate channel layout and flushing using appro-
priate numerical models. Refine channel geome-
tries, alignments and control structures, as needed;
and  v! Design and construct the test cell using the
recommended channel layout scheme and monitor
real-time results. Collect data from the develop-
ment cell 3D  such as flow, velocity, tidal ampli-
tude, sediment deposition and consolidation data!
for further refinement of the model.

HYDRAULIC MODELING OF DEVELOPMENT

CELL 3D

The Surface Water Modeling System  SMS!
available from Brigham Young University  BYU!
was used to simulate the site hydraulics at Poplar
Island. SMS is an update of the U.S. Army Corps
of Engineers computer program TABS, which con-
sists of submodels for simulating the 2-D hydrody-
namics, transport and sedimentation problems in
rivers, bays and estuaries. Basically, SMS consists
of two submodels �  a! the RMA-2, the hydrody-
namics model, and  b! the SED-2D, the sediment
transport model, RMA-2 uses a finite element grid
to generate flow velocities  magnitude and direc-
tion! in the model domain. It is a two-dimensional
depth averaged finite element hydrodynainic model
that computes the water surface elevations and
velocity vectors for subcritical, free-surface flow in
two dimensions. RMA-2 computes a finite ele-
ment solution of the Navier-Stokes equations for
turbulent flows. Friction is computed using
Manning's or Chezy equation and turbulence is
defined by eddy viscosity coefficients. The program
can simulate both steady and unsteady conditions,

Model runs were completed for these condi-
tions in the development cell:  i! Tidal forcing
only;  ii! Tidal forcing combined with an upland
flow of 1 cfs,  iii! Tidal forcing combined with an
upland flow of 5 cfs,  iv! Tidal forcing combined
with an upland flow of 10 cfs,  v! Tidal forcing
combined with an upland flow of 20 cfs,  vi! Tidal
forcing combined with an upland flow of 40 cfs,
 vii! Tidal forcing combined with an upland flow
of 80 cfs, and  mii! Tidal forcing combined with an
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upland flow of 160 cfs. Model results for the tide
only case indicated that the marsh was getting wet
and dry in direct correlation to the tidal cycle
 GBA, 2000!. No chronic erosion areas were visi-
ble. The one aspect to note is the low velocities
along the breach and the channels suggest that the
marsh system may not provide adequate natural
flushing for sedimentation that occurs in the cell.
This effect will be evaluated during the sediment
transport-modeling phase.

For model runs with upland flow from spill-
way discharge activities, it was assumed that the
flow would be constant over the time period being
modeled. The results indicated that as the upland
flow increases, the area that is prone to potential
erosion increases, It follows that some upland dis-
charge controls  with a maxiinum stipulated dis-
charge velocity! along with lining  riprap! of the
pond area fronting the discharge may need to be
implemented. A comparison of water balance in
the cell indicated that the tidal flow was not over-

whelmed by the upland discharge until flows
exceeded about 40 to 80 cfs. The model will be

revised once field observations are available from
post-construction monitoring.

VEGETATION MANAGEMENT ANALYSIS

Key elements of the vegetation management
study are summarized.  i! On-site nursery: The
performance of the on-site nursery areas construct-
ed in Phase I was evaluated through a site visit and
it was found that an off-site nursery location is
preferable, Potential concerns included erosion,
hervbivory, inadequate planting grades, disease
and/or vandalism.  ii! Off-site nursery: Essentially,
a commercial nursery is set up to produce the inax-
imum amount of plant material in the smallest area
possible. In addition, installation labor would be
saved if the materials were propagated in "field
friendly" type of stock  for example, eliminating
digging and separating the Spartina alterni flora
and S. patens rhizome mat by initially propagating
in easily replantable peat pots!. It was recom-
mended that nursery-grown material  containerized
especially!, is the best method, should planting be
einployed. Seeding Spartina alterntflora is also an
economical way to proceed.  iii! Reference
Marshes. A series of reference marshes were used

for developing biological benchmarks for the site.
The reference sites were chosen based on the con-

dition that such sites should be as close both in dis-

tance and physical parameters as possible to the
site.  iv! Future plans: These include development
of a timeline for planting vegetation in the devel-
opment cell, vegetation monitoring in cell 3D,
development of a methodology for vegetation
establishment and inonitoring for the remaining
wetland cells.

SUMMARY

Key engineering aspects affecting the develop-
ment of wetland cells for the Poplar Island
Restoration Project were listed in this paper,
Methodologies that are planned for addressing
these issues were also listed. The planning, design
and implementation strategies for Poplar Island
may serve as useful guidelines for future marsh
projects.
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ABSTRACT: For sediments in the New York/New Jersey Harbor, the U.S. Army Corps
of Engineers  USACE! employs a framework of sediment quality evaluation to
determine whether contaminated sediments are suitable for open ocean disposal  i.e., do
not pose a health risk! or whether more extensive and costly disposal methods are
required. The degree to which chemicals can bioaccmnulate from sediments into
benthic invertebrates is a key determinant in the pernutting decision. The maximally
"acceptable" levels of bioaccuinulation  bioaccumulation criteria! have been developed
over a period of several years, using a variety of different methods. We reviewed the
technical bases of these criteria and found that, while some values can be considered
"risk-based", others are based on historical background concentrations, U.S. Food and
Drug Administration action levels, limits of detection, and other non-"risk-based"
methodologies. Hence, the degree of health protection in the criteria varies considerably
amongst the chemicals. Also, consistent application of the "risk-based" methods to all
chemicals yields very different bioaccumulation criteria for some constituents. We
reviewed the decisions of 15 permit applications and found that the use of "risk-based"
values for all chemicals would have yielded very different disposal decisions. These
findings illustrate the need for a consistent, valid, and risk-based approach for
contaminated sediment management decisions.

Key words: sediment, bioaccumulation, open ocean disposal, risk assessment,
New York/New Jersey Harbor

INTRODUCTION

Corresponding author; telephone: 707-535-0492;
fax: 707-535-0489; email: bltnley@exponent.corn

Approximately 4 million cubic yards of sedi-
ment are dredged annually from the Port of New
York and New Jersey  Port! in order to maintain
navigable channels. For years, the dredged sedi-
ments were p1aced in an offshore area now
referred to as the Historic Area Remediation Site

 HARS! �0 CFR Sections 228,15 d!�!!,
Currently, only dredged material deemed to be
relatively "uncontaruinated"  desigtlated as

"Category P' sediments! can be placed at the
HARS. Dredged materials that do not meet
Category I criteria must be handled using other
methods such as placement in confined disposa1
facilities; sediment decontamination, reduction,
and/or minimization; and beneficial uses such as
habitat creation or restoration.

In order to assess disposal options for the
dredged sediments, the New York District of the
Corps and the U.S. Environmental Protection
Agency  USEPA! Region 2 have employed region-
al and national guidance that mandate tiered test-
ing of thY:dged material  USEPA and USACE,
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1991; USACE and USEPA, 1992; USEPA and
USACE, 1998!. Because sediments throughout the
Port typically contain elevated levels of a number
of potentially bioaccurnulative and toxic chemicals,
a bioaccumulation test is almost always required as
part of the permit application. The New York
District of the Corps and USEPA Region 2 specify
that the burrowing polychaete Nereis virens and the
deposit-feeding mollusk Macoma sp. be used for
bioaccumulation testing  USACE and USEPA,
1992!. The results of the bioaccumulation tests
are almost always cited in the permit decisions as
the critical factor in determining the disposal
option for the dredged sediments.

The maximally "acceptable" levels of chemical
bioaccumulation  bioaccumulation criteria! used to
evaluate the results of these assays, and therefore
the ultimate fate of the sediments, have been devel-
oped over several years with a variety of disparate
methods. The purpose of this analysis was to
assess the degree of consistency in the methods
used to derive the criteria, and to determine
whether a single, refined approach might yield sig-
nificantly different values. We also reviewed 15
permitting decisions over the last 10 years and
determined whether significantly different disposal
decisions would have been reached using a single
set of consistently derived criteria.

REVIEW OF BIOACCUMULATION CRITERIA

USFDA AcTioN LEvELs

U.S. Food and Drug Administration  USFDA!
Action Levels have been used as bioaccumulation

criteria for aldrin, dieldrin, chlordane, heptachlor,
heptachlor epoxide, total polychlorinated biphenyls
 PCBs!, and mercury. The USFDA employs
Action Levels to remove food products Rom the
market. These values, which are based on human
health and economic considerations, are typically
much higher than chemical concentrations derived
strictly from health-based concerns. ln addition,
humans do not typically consume the organisms
used in the bioaccumulation tests, Furthermore,
the Action Levels do not account for the ecological
effects of contaminants on benthic organisms or
their predators. Therefore, the relevance and
degree of protection offered by the Action Levels

is unclear. As shown in Table 1, Action Levels are
still the only bioaccumulation criteria available for
chlordane, heptachlor, and heptachlor epoxide.

REGIONAL MATRIX LEVELS

Tissue concentrations referred to as "regional
matrix levels" were established in 1981 for cadmi-

um, mercury, total DDT, and total PCBs. The
matrix levels for cadmium and mercury were the
mean chemical body burden in certain invertebrate
species in the New York Bight Apex, as measured
in lobster, quahog, clams, and rock crab in studies
published from 1972 to 1980  USACE, 1981!.
Since these particular invertebrates are not the test
species used in the bioaccumulation tests, and
because the "background" data are up to 30 years
old, the relevance and degree of health protection
offered by these regional matrix criteria is unclear.
As shown in Table 1, the regional matrix value is
still the only bioaccumulation criterion for total
DDT.

To derive the regional matrix level for total
DDT, DDT body burdens in benthic invertebrates
were estimated using measured water column con-
centrations and a bioconcentration factor  BCF! for
fish tissues. The total DDT water column concen-

tration was based on two sea-surface data points of
DDT metabolites collected in the 1970s and the

BCF was estimated based on a review of literature

available at that time  USACE, 1981!. There are
several apparent shortcomings associated with this
criterion: 1! similar to the cadmium and mercury
criteria, it is based solely on "background" meas-
urements, 2! it is based on data and assumptions
that are close to 30 years old, 3! it is derived from
only 2 data points, and 4! it presumes that bioaccu-
rnulation f'rom water to fish tissues is equivalent to
bioaccumulation into benthic invertebrates.

Similarly, regional matrix values for total PCBs in
benthic invertebrates were based on chemical lev-

els measured in the water column in the late 1970s

and fish and macro-invertebrate BCFs available at

the time. Hence, the total PCB criterion suffers
from the same shortcomings identified above.

REGIONAL DIOXIN VALUES

The regional matrix TCDD criterion of 1 ppt is
based on an instrumental limit of detection  USACE
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RISK-BASED CRITERIA

Two types of "risk-based criteria" were derived
for some chemicals in 1997  Table 1!. These criteria

Table 1. Bioaccumulation criteria values used to evaluate dredged material disposal option.

H~ Hnnsh-
Noacaem
877SOOO$.1

10 37SO 43605 MO

242

208800 '
2880'

43.8
7.4 5805000

4360500032.7
51.3 4387000
432.7
0.9 33 167

437 65 51$

64 S7 135u4
2.$5

106.6
11820
12.6

121
128 11.8 73 14

5.5$ 9.6 .92
11.9 11941.41

0.04

1.4 0.04
IS17 142$.$4

73
I I.S

'7 8-TCDD 2.51.73
2,13non 7 8-TCDD 4.5

- Values in plain text indicate criteria values provided in USEPA and ACE �998!.
- Bolded values ate calculated using USEPA and USACE �998! approach for chemicals that USEPA and USACE �998! did not derive criteria.
- Values in parentheses indicate diÃeient criteria calculated using USEPA and ACE �998! approach with current water quality criteriou or human
toxic potency values.

Regional dioxin level for dioxins.
b
Regional matrix values for total PCBs are 100  clam! and 400  worm!.

Dioxin TEFs taken from USEPA �989!.

Water quality criterion or human tOXiC Potency values currently unavailable.

Value derived using USEPA �993! PAH relative potency factors,
f
Inorganic arsenic value in IRIS database not applicable.

and USEPA, 1992!. The 4.5 ppt total toxic equiva-
lence  TEQ! criterion for the sum of all the non-
TCDD 2,3,7,8-substituted dibenzofurans is also

based on limits of detection, and was derived by
multiplying half of the limits of detection for each
congener by their respective toxic equivalency fac-
tors  TEFs! and suinnnng the products  USEPA
and USACE, 1998!. These instrument-driven cri-
teria are clearly not health-based, and the degree of
health protection offered by these values is unclear,

are based on background tissue concentrations
and/or estimated ecological and htnnan health
effect levels, For the latter category  effects-based
criteria! the chronic water quality criteria  WQC!
were multiplied by empirically determined BCFs to
derive criteria protective of ecological effects
 USEPA and USACE, 1998!, However, the BCFs
that the Corps and USEPA Region 2 used for
aldiin, dieldrin, chlordane, endosulfan, and 1,4-
dichlorobenzene are based on fish rather than the

benthic organisms used in the bioaccumulation
tests, For total polycyclic aromatic hydrocarbons
 PAH!, the Critical Body Residue  CBR! approach
was used to calculate a bioaccumulation criterion

based on ecological effects, However, as with the
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chlorinated compounds mentioned above, a CBR
for fish was used for total PAHs.

Bioaccumulation criteria for the protection of
human health were based on estimates of

fish/shellfish consumption using the USEPA
default exposure methodology. Conservative expo-
sure factors �0 kg body weight, 6.5 g/day con-
sumption rate, and 70-year lifetime! were used in
the calculation, Trophic transfer factors and a whole
body/fillet ratio of 1,35 were applied to convert the
"acceptable" fish and shellfish tissue levels to ben-
thic invertebrate tissue concentrations  USEPA and
USACE, 1998!. A human health risk level of 10~
 for carcinogenic risk! and a hazard quotient of 1
 for noncarcinogenic effects! were used as accept-
able risk benchmarks. As with the ecological crite-
ria, there is still a significant degree of uncertainty
inherent in many of the values, because 1! the
default whole body/fillet ratio of 1,35 is unlikely to
be accurate for all chemicals in all edible species,
and 2! the exposure estimates assume that an indi-
vidual's lifetime diet of fish is derived only from
fish that prey on benthic organisms at the HARS.

DEVELOPMENT OF CONSISTENT RISK BASED

BIOACCUMULATION CRITERIA

We used the USACE and USEPA 1998

methodology to update and/or derive "risk-based"
effects-level ecological and human health bioaccu-
mulation criteria for all chemicals listed in Table 1,
using the most current EPA water quality and toxi-
city criteria, Risk-based ecological criteria were
derived for three chemicals that previously did not
have such values: total DDT  using the WQC for
4,4'-DDT!, total PCBs  using the WQC for
Aroclors!, and cadmium. As shown in Table 1
 bolded values under "Risk-based Bioaccumulation
Criteria / ecological effects" heading!, the new val-
ues for cadmium and total PCBs were higher than
the most stringent of the non risk-based values
employed by USACE; for total DDT, the new risk-
based value �4,09 ppb! was somewhat lower than
the "Regional Matrix Value" of 40 ppb, For total
Chlordane and Heptachlor, copper, lead, silver, and
zinc, updated ecological values differ from the pre-
vious values due to updated WQC and/or BCF
data.. As shown in Table 1,  the numbers in paren-
theses are the updated values; chemicals with no

parenthetical values did not have updated WQC or
BCFs.

In this analysis, human cancer-based bioaccu-
mulation criteria are derived de novo for 9 chemi-

cals: benz a!anthracene, benzo b!fluoranthene,
benzo k! fluoranthene, chrysene,
dibenz a,h!anthracene, indeno�,2,3,-cd!pyrene,
total DDT  using the cancer potency factor for
4,4'-DDT!, total PCBs  using the cancer potency
factor for Aroclor 1254!, and 2,3,7,8-TCDD  can-

cer potency factor of 156,000  mg/kg-day!-1!. The
derivation for the six PAH compounds employed
the benzo a!pyrene cancer potency factor and
USEPA's �993! relative potency factors. The deri-
vation of human non-cancer bioaccumulation crite-

ria is based on the same exposure scenario, but ref-
erence doses and an acceptable hazard index of 1.0
are used. In this analysis, five new human non-
cancer bioaccumulation criteria were derived, and
one updated value was derived for chromium, The
updated criterion for chromium is based on the ref-
erence dose of chromium  III! since it is the domi-
nant chromium species in sediment.

As shown in Table 1, the 2,3,7,8-TCDD human
cancer "risk-based" criterion of 3.5 ppt is over 3-
fold higher than the 1 ppt limit of detection value
that has been employed by USACE, For chromi-
um, the updated human non-cancer criterion
increased from 73 ppm to 22,000 ppm.

RE-EVALUATION OF DREDGING PERMITS USING

NEW AND UPDATED BIOACCUMULATION CRITERIA

A sample of 15 dredging permits from the past
10 years were evaluated to determine whether per-
mitting decisions might have had different out-
comes if risk-based values for all chemicals had

been used. In one permit involving dredging of
90,000-yds' of sediment, bioaccumulation testing
resulted in Category I status would have failed
under the "risk-based" ecological screening values
derived herein for copper and silver. Four permits
�17,000-yds' total! were classified as unsuitable
for Category I disposal with 2,3,7,8-TCDD cited as
the sole reason, or in combination with total DDT.
However, none of these sediments exceeded the
human health risk-based criteria for 2,3,7,8-TCDD
calculated in this analysis. These permits, instead,
exceed the risk-based screening values for other
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chemicals such as total DDT, copper, silver, and
PCBs. Two permits �50,000+ yds'! were assigned
as having sediments ineligible for Category I dis-
posal with 2,3,7,8-TCDD cited as the sole cause
for rejection. However neither 2,3,7,8-TCDD nor
any other chemical exceeded the risk-based criteria
calculated in this analysis. Hence, these sediments
would likely have been granted Category I status if
risk-based criteria had been used for all chemicals.

CoNcLUsIQN

The bioaccumulation criteria employed by
USACE and USEPA Region 2 vary significantly in
the relevance of their technical basis and degree of
health protection. The USEPA/USACE "risk-
based" bioaccumulation criteria appear to be the
most relevant but they have been derived for only
some chemicals. Many of the permitting decisions
of the last ten years would have been significantly
different if consistently derived, risk-based bioac-
cumulation criteria had been employed.
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ABSTRACT: The current system of dredged material assessment/management at port
facilities located at Porto Marghera in Venice, Italy is basetl on numerical sediment
quality criteria. Dredged material is classified into one of three categories  A, B, or C!
depending upon the concentrations of heavy inetals, total PAHs, total PCBs and
organochlorines. It is anticipated that future assessments of dredged material in Italy
will likely nse the Venetian numeric-based approach. To assess the potential
implications of shifting from the current nmneric-based approach to effects-based
testing on dredged material management activities, a comparative evaluation was
conducted between the Venetian numerical-based approach and the U.S. effects-based
approach. Sediments representing each of the three dredged material management
categories were collected front navigation channels within the Port of Venice. Sediment
from an aquatic disposal site located in the Lagoon was collected as reference material.
Sediments were analyzed for bulk sediment chemistry and evaluated using Tier III
testing procedures described in the U.S. Testing ManuaL Results of Tier III sediment
toxicity and bioaccuniidation testing were compared to the Venetian numeric-based
approach. The degree of concordance between the nmneric classification and the
observed effects in each category of dredged material was difficult to ascertain because
of the confounding influence of environmental factors, niost notably ammonia. The
resulting inconsistencies in the test results illustrate the caution that must be taken
when relying solely on chemistry and test results for management decision-making.
Further testing and evaluation is needed to fully understand the potential implications
of an effects-based approach on future dredging and dredged material management in
the Venice Lagoon.

Key words: sediment quality guidelines, Venice, effects-based testing, risk assessment

INTRODUCTION

Porto Marghera is located 4 km northwest of
the historic city of Venice, Italy and adjacent to the
city of Mestre  Figure I!. The Port of Venice
located at Porto Marghera is the largest commercial
shipping port in Italy and one of the largest ports in
the Mediterranean Sea. Autorita Portuale di Venezia
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 referred hereafter as the Venice Port Authority! is
responsible for maintaining the inain navigation
channel, Canale Malamocco Marghera, and other
port navigation channels, to 12 rn depths. The
channels are dredged periodically and the material
managed according to a three-tier numerical sedi-
inent classification scheme developed by the
Ministry of the Environment  Ministero
dell'Ainbiente, 1993!. Sediment is classified as
either Class A, B, or C material based on the level
of heavy metals, PAHs and organochlorine contam-
ination. Class 'A' sediment is used for restoring
lagoon salt marsh  barene!; class 'B' sediment is
managed in aquatic environments subject to certain
management restrictions; and, class 'C' sediment is
disposed in a confined disposal facility located at
Isola delle Tresse, adjacent to the main navigation
channel. Dredged inaterial that exceeds class 'C'
limits is removed from the Lagoon and handled at
an upland disposal facility.

Fignte 1. Location of Porto Marghen in the Venice Lagoon,

Sediment and biota monitoring studies con-
ducted over the past five years indicate that the
Venice Lagoon ecosystein has been adversely
affected by eutrophication and chemical pollution,
due predominantly to point and nonpoint dicharges
originating within the industrial district at Porto

Marghera  DiDomenico ef aI., 1997; Fattore et aL,
1997; Marcomini et al., 1997; Wenning ef al.,
2000a!. The results of an ecological risk assessment
 ERA! by Wenning er aL �000a! indicated that
PCDD/F levels in Lagoon sediments were compa-
rable to the levels found in undeveloped coastal
environments. The results also indicated a limited
potential for adverse effects on aquatic wildlife;
however, contamination in the Lagoon was not
homogenous. A "hot spot" was identified at Porto
Marghera, where PCDD/F levels in sediment at a
few locations approached the levels found in ports
located elsewhere in Europe and in the United
States.

The President of the Italian Council of
Ministers has designated the Venice Port Authority
and the Venetian Water Authority  Magistrato alle
Acque di Venezia! as the institutions responsible
for characterization and remediation of the sedi-
ment iu navigation channels at Porto Marghera
 Regione Veneto, 1999!. In response to this
requirement, the Venice Port Authority and
Venetian Water Authority have initiated a series of
sediment assessments, biological studies and engi-
neering reviews to understand current environmen-
tal conditions and forinulate an action plan to meet
the Council's goals  APV, 1999; Della Sala et al.,
2000!. As part of these efforts, a more comprehen-
sive ERA than the previous screening-level assess-
ment, which included food web modeling and sedi-
ment toxicity testing, was performed to evaluate
the possible effects of different sediment manage-
inent options on aquatic life in the Lagoon
 Wenning ef al,, 2000b!.

The primary purpose of the sediment toxicity
testing conducted as part of the comprehensive
ERA was to evaluate the potential implications on
future dredging and dredged material management
activities in Venice Lagoon. This was done by
comparing the current Venetian numerical-based
approach with the effects-based approach devel-
oped for the regulatory evaluation of dredged
material in the U.S. Selected sediments from navi-
gation channels within Venice Lagoon were col-
lected to be representative of the three dredged
material management categories. Sediment was
collected from a nearby aquatic disposal site for use
as a reference material. Sediments were analyzed
for bulk sediment chemistry and evaluated in
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Table 2. Summary of metal concentrations  ug/kg d.w,! in stuftcial
sediment and dredged material collected fram navigation channels at
Porto Marghera, Venice, Italy.

No.
<bended Samples Mean 95 /e UCL Mesa 95 /» UCI.

/ > DL Gauss mamm Gaumitrotum

Lead

Meremv
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Setemam
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9
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136
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0.5$
2.57
3.12
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Dredged Material � � 3 m!
2P,?~TCDD 40
Total PCDDs 43
Total PCDFs 43

P,?P.TCDD TEQs 43
Total PCRs 17
Total DDT 56

Total OC Pesiicides 51
Hexa chloro benzene 4$

28
43
43
43
17
9
37
46

2.13K-03
0.75
3.56
4.30
144
2.72
'?16

1DSE-03
0.47
2'
2.77
81.1
2.54
547
125

Table 3. ITM/OTM Tier III sediment toxicity test procedures used to
evaluate Venice navigation channel sediments.

Interpretive Criteria ReferenceTest Type Test Procedure

Suspended 48-hour echino-
Particulate derm develap-
Phase ment with S.
 SPP! ur//uratus

Comparison of fac-
tored LC50 or EC50
value �.01 x LC50!
to estimated SPP
concentration at the
edge of the mixing
zone using the
STFATE model

E 1563-98
 ASTM 1999!
 US ACE/USEPA,
1991, 1998!

96-hour survival
in /tf. bahia

E 1191-97
 ASTM 1999!;
 USACE/USEPA,
l 991, 1998!

96-hour survival
in /tf. beryllina

 USACE/USEPA,
1991, 1998!

Solid 10-day amphi-
Phase  SP! pod survival in

K estuarius

Comparison to sur-
vival in reference
sediment exposed
otganlsilis

USEPA 1994;
 USACE/USEPA,
1991, 1998!

10-day poly-
chaete survival
in /V. arenaceo-
dentata

E 1611-94
 ASTM 1999!
 USACE/USEPA,
1991, 1998!

III testing procedures described in the U.S. Testing
Manuals  USEPA/USACE, 1991, 1998!. A sum-
mary of the series of suspended and solid phase
tests conducted on each representative class of nav-
igation channel sediment. is presented in Table 3.

CHEMISTRY ANALYSIS

A summary of the sedilnent chemistry results
is presented in Table 4. Comparison of the meas-
ured chemical concentrations in sediment samples
representing each of the three different classes

Table 1. Summary of PCDD, PCDF, PCB, DDT, hexachlorobenzene,
and total organochlorine pesticide concentrations  ug/kg d.w.! in surfi-
cial sediment and dredged material collected from navigauon channels
at Porto Matghera, Venice, Italy.

o. o.
I ~ Samples Samples > Moan 95Q/ Q~

Analyzed Detecdon Concentration
Limit

'Total PCBs, PCDDs, and PCDFs are reported as 2,3,7,8-TCDD
equivalents  TEQs! using Van den Berg et al. �998! toxicity
equivalent factors.

accordance with the Tier III testing procedures
described in the U.S. Testing Manuals
 USEPA/USACE, 1991, 1998!. The results of Tier
III sediment toxicity testing were compared to the
classification of the material described by the
Venetian numeric dredged material management
standards, The degree of concordance between
numeric classification and observed effects in each

category of dredged material was examined in light
of the potential implications for future dredging
and dredged material management.

ENVIRONMENTAL DATA AND

TOXICITV TESTINr. METHOI!S

A compilation of chemistry and physical meas-
urements of navigation channel sediment was com-
pleted by the Venice Port Authority and the
Venetian Water Authority in 1999 The data are
summarized in Table 1 and Table 2. The sediment

database currently consists of 306 records repre-
senting 196 salnpling locations. Chemistry analy-
ses were performed in various commercial and mu-
versity laboratories using analytical procedures
specified by the Ministry of the Environment
 Ministero deII'Ambiente, 1993!. Suspended par-
ticulate phase and solid phase sediment toxicity
testing was conducted in accordance with the Tier

14/ut40
142/133
119/119
tta/tla
120/120
26/26

145/126
114/114
12/7
7/2
7/5
7/7
9/9

145/l45

476K+04
IA3Mls
484Es04
1.17Ei05
?.IOE+05
589K+05
Ltsgt04
? 60Es04
744gi03
LO?Ks03

L29Ki04
652Ki04
L39Kt06

5ttlK+04
228K~
5AIRs04
L37Rs05
253Ks05
6A3K+05

2,7IR//04
130K+04
lstsgst6
585Es03

7AIRi04
1.74Ks06

567Ki04
1.96&04

IAOR~
2$tgt05
7.49Ei05
IAOFJ%4
3.14K+04
92IRs03
Ms/K%03
388Et63
235Ri04
7.13K%04
1.76Ki06

6.94Esos
2.62K+04
6A5Esot
1.79E+05
3A9Ki05
L09KNI6
2,1IEi04
3J/6Ks04
1.76Ei04
4,14Ri03
824E+io
4.91K~
8,95K+04
L26E+06



182 12,$
*70.$

1$,$ 17.0 1$.7
52.7

~ 4a

Iokk 17.51$.0

12,2 180000 HV500080005
408 PAHo
000 eeeo

oll001

55 of 8845
VUoo

A 14NL A 22455 A 5L555
8 25055eVA, A

A 818 A
~ $5%, e

A 5:PA, A

A ~ A A 55$55
A 5R.VA A

~ 5sl ~oo A
A 805 A ~ 1848,

50155 $5K28

1.01 7.15
0 II5

described in the current Venetian dredged material
management guidelines indicated that the selected
sediments provided a reasonable representation of
the three classes of inaterial. In both the reference
and 'A' category sediments, the majority of ineas-
ured contaminants were below the 'A' guideline
values with the exception of mercury. In the 'B'
sediment, most of the ineasured constituents were
above 'A' but below 'B' guideline values. In the
'C' material, mercury was the only constituent
exceeding the 'C' guideline value.

Comparison of chemical concentrations to
Long et al. �995! ER-M values  Table 5! showed
an increasing trend  i.e., reference<'A'<'B'<'C'! in
both the SER-M quotient  ranging from 1.6 to 7.2!
and the average ER-M quotient  ranging from 0.16
to 0.72! for the measured constituents.
Constituents consistently approaching or exceeding
ER-M values in category 'B' and category 'C'
sediment included mercury, zinc, and total PCBs.

Table 4. Classification of Contaminant levels in Venetian navigation
channel sediment samples collected for Tier IB testing using the
Venetian Dredged Material Management Guidelines.

Table 5. Contaminant Concentrations in selected Venetian naviganon
channel sediments expressed as a percentage of Long et at �995!
ER-M values.
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TIER III TOXICITY TESTING

Suspended particulate phase  SPP! tests
showed significant effects relative to control in the
50% and 100% elutriate concentrations of category
'A' and 'B' sediments for all three test species eval-
uated in this study. The results for the minnow
 M, beryllina! shown in Figure 2 were typical of
those observed in tests involving mysid shrimp  M.
bahia! and sea urchins  S, purpuraius!. SPP tests
conducted on category 'C' material did not show
significant effects on the three test species.
Comparison of initial measured total ammonia levels
in the SPP tests with the reported no observable
effect concentration  NOEC! for each of the test
species evaluated suggested that the observed toxi-
city was most likely due to ammonia,

Figure 2. Results of the suspended particulate phase test and initial
ammonia concennnuons for the minnow  ltf. beryllina! exposed to
three classes of Venetian navigation channel sediments.

The results of the solid phase test are presented
in Figure 3. The amphipod  F, estuariirs! showed
a significant effect relative to reference sediment
only for category 'B' material. Because pre-test
pore water ammonia levels were quite high
 	00 mg/L! in the category 'A' and 'B' sediments,
exchanges of overlying water were performed in
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accordance with the Tier IH test method to reduce

ammonia levels to acceptable levels prior to the
addition of the test organisms. Exchanges contin-
ued for the duration of the test to ensure ammonia

levels remained below the recommended threshold

�0 mg/L pore water!, Tests with the polychaete
 N. arenaceodentata! showed no significant effects
from exposure to any of the sediments evaluated,

Polychaete  N, arsnaceodonra!

s Line indicates toxicity ~!d in the Amphipod �0% < reference survival!
and Polychaete  �% < reference survival!

Figure 3. Results of the solid phase test for the amphipod  E. estaariar!
and the polychaete  N. arenaceodonra! exposed to three classes of
Venetian navigation channel sediments.

DISCUSSION AND CONCLUSIONS

Based on the results of Tier HI sediment toxicity
tests completed to date, it appears that the category
'A' and 'C' materials collected from Venice naviga-
tion channels would be suitable for open water dis-
posal under the current U.S. effects-based testing
program. In contrast, the category 'B' material
evaluated in this study showed significant toxicity
in the solid phase tests with the amphipod E estu-
arius, exceeding the permissible concentration
limit for open water disposal  i.e., the results were

significantIy different from reference and more
than 20% less than reference for amphipods!.
Consequently, the category 'B' material evaluated
in this study would not be suitable for open water
disposal under the U.S. effects-based testing program.

Toxicity was observed in the suspended partic-
ulate phase tests for both category 'A' and 'B'
materials; however, the toxicity appears to have
been due to elevated concentrations of ammonia,
which is not considered a contaminant of concern

in dredged material evaluations. Although speci-
fied in Tier III testing protocols, the STFATE
model was not applied to evaluate the suspended
particulate phase test results because of the con-
founding effect of ammonia on the results,
Furthermore, the STFATE model is not designed to
evaluate disposal site conditions such as those in
the Venice Lagoon, where water depth is relatively
shallow  less than 1 m deep!.

The results reported in this study highlight one
of the major problems underlying reliance solely
on chemistry in sediment assessments and evalua-
tions of sediment quality. It is not clear why toxic-
ity was observed in category 'B' sediment and not
in category 'C' sediment, even though the concen-
trations of measured contaminants were higher in
the 'C' sediinent. The observed toxicity could be a
result of differences in bioavailability, the presence
of unmeasured constituents at toxic levels, or some

other environmental and/or chemistry factors,
Clearly, approaches based on sediinent chemistry
alone do not account for the possibility of interactive
chemical mixtures, the presence of unmeasured
constituents, or the interplay of physical factors
 e.g., grain size, quantity and quality of organic
carbon, etc.! and chemical contamination on bio-
logical response.

Research conducted over the past few years by
Word et al, �000! has led to the development of a
series of questions that address the potential for
confounding factors to influence the outcome of
sediment toxicity tests. According to Word �000!,
there are four categories of confounding factors in
sediment tests: persistent sediment features such as
grain size and total organic carbon; non-persistent
features such as ammonia and salinity; exposure
and behavioral coincidence between test organisms
and the contaminants in pore water and the sedi-
ment - water interface; and factors attributable to
differences among laboratories involved in
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conducting and reporting the results of sediment
tests. Each of these four categories can have a pro-
found affect on test results and may be responsible,
in some cases, for misguided sediment management
decisions.

The results of this study suggest that the cur-
rent sediment classification scheme described in

Venetian dredged material management guidelines
is environmentally protective within the context of
the specified management framework. According
to the current Venetian framework, only category
'A' material is disposed in open water without
restrictions, The results of Tier III toxicity testing,
which reflect an effects-based approach, indicates
that category 'A' material is suitable for open water
disposal. Additional work is required before reaching
more definitive conclusions regarding category 'A'
material, and any conclusions regarding the man-
agement of category 'B' and 'C' materials. The
results of sediment bioaccumulation testing are not
complete at this time, and results of this testing
may indicate unacceptable bioaccumulation rela-
tive to reference exposed organisms in the selected
sediments. Consequently definitive conclusions
regarding disposition of 'B' and 'C' sediinents can-
not be made until this testing is complete. As the
environmental cleanup plan for the Porto Marghera
area proceeds, future work will focus on expanding
scientific knowledge of the Port's impacts on the
Venice Lagoon, and exploring engineering solutions
for appropriate future removal, treatment, and
disposal of dredged material.
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Comparative Summary of Selected Contaminated Sediment Assessment

Programs in the United States
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ABSTRACT: Over the past decade, regulatory programs have been developed to
evaluate the magnitude and extent of sediment contamination and manage
contaminated sediments. Comparative reviews of assessnient programs within and
between states and/or regions are rare. Yet, this type of review is essential for
management areas to further develop sediment quahty asemmeut programs.

A review was conducted as part of a larger study to summarize tools for assessing
marine sediments and to detail how marine sediments are assessed in various

regulatory programs. Three state programs  California, Florida, and Washington!
were selected for review and comparison. These programs were selected primarily
because they «se multiple and different assessment tools. Information was collected
froin guidance and regulatory documents and by interviews with program managers.
Points reviewed include program objectives, research and development, testing,
criteria, regional specificity, and degree of integration with the federal dredged
material management program.

Key words; sediment assessment, management, risk assessment

INTRODUC1'ION

'Corresponding author, telephone: 732-872-0111;
fax: 732-872-8041; etnaii: Science@CleanoceanAction.org

In its National Sediment Quality Survey
 USEPA, 1997!, the Environmental Protection
Agency established four national goals to manage
the problein of contaminated sediments:
~ Prevent the volume of contaminated sediment

from increasing,
Reduce the volume of existing contaminated
sediment,

~ Ensure that sediment dredging and dredged
material disposal are managed in an environ-
rnentally sound inanner, and

~ Develop scientifically sound sediinent man-
agement tools for use in powution prevention,
source control, remediation, and dredged
material management.

If these goals are to be inet, environmentally pro-
tective and economically feasible evaluative sys-
tems must be developed to accurately identify

sediment contatninanon and its associated ecological
and human health risks. An ongoing need exists to
improve existing federal and local evaluative sys-
tems and to develop new techniques for assessing
sediment contamination,

A host of biological tests and numerical stan-
dards have been formulated to examine the pres-
ence of contaminants in marine sediments, their

routes of exposiue to marine organisms and
humans, and their potential for negative ecological
and human health effects. Although a great deal of
information about these assessment tools exists in

the form of regulatory guidance manuals, policy
documents, scientific publications, and educational
reports and fact sheets, it is difficult to find a com-
prehensive discussion of the majority of tech-
niques and programs used to evaluate marine sedi-
ment contamination. Work presented here is a
result of a larger study, which was initiated to fill
this void by providing a general overview and
comparison of inost of the available approaches to
assessing marme sediment quality,
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METHODS OF INFORMATION COLLECFION tests: bioassays used, medium  e.g whole sedi-
ment, porewater, sediment-water interface,
extracts!, endpoints  reproduction, growth, sur-
vival!, other  bioaccumulation assays, field
benthic surveys!;
degree of integration with the regional dredged
material management program; and
status of program implementation,

Objectives were to review existing sediment
assessment tools, document various assessment

programs and how tools are used within those pro-
grams, and compare and contrast the assessment
programs, This review is not a critique or advoca-
cy of these sediment assessment programs.
Information on assessment tools and programs was
collected by interviews and discussions with
researchers and program representatives and by lit-
erature reviews. For detailing the assessment pro-
grams, guidance, policy, and regulatory manuals
were reviewed. After compilation, program
descriptions were reviewed by program representa-
tives for accuracy and corrected as necessary. The
three state sediment quahty programs reviewed
were California  Stephenson et al,, 1994; State of
California: SWRCB, 1998!, Florida  MacDonald,
1994! and Washington  Becker et a/�1989;
Washington State DEP, 1991; USACE Seattle
District et al,, 2000!.

Program-aspects that were described are:
~ applications: site assessments, remediation,

source reduction, dredged material inanagement;
~ sediment quality criteria: if used, derivation

approach, interpretation;
~ tiers: is the program tiered or non-tiered;

CASE STUDIES

Table 1 details the various state sediment quality
programs. Various tools of sediment quality
assessment are utihzed across all programs, how-
ever the methods of implementation vary.

APPLICATIONS

All state programs were developed for the pur-
poses of site-characterization to assess and monitor
the extent and magnitudes of sediment contamina-
tion, to identify sites of concern for remediation,
and further, in Washington, for regulation of indus-
trial discharges and other non-dredged material
point sources, Only in Washington do the sedi-
ment assessment program and  hedged material
management program offer similar types of tests,

Table 1. Suminary descriptions of three sediment quality assessment programs in the United States. Dredged material management programs are
not described here. All programs in this table are used for site assessments, and in addition, Washington state's program is used for source conuol
from point discharges. For more information about specific aspects of the assessment program, see referenced program guidance documents
 MacDonald, 1994; Stephenson er aL, 1994; State of California: SWRCB, 1998; Washington State DEP, 1991!.

I Washington state program also includes tests for reduced bacterial bioluruinescence in addition to listed endpoints.
z includes: developmental abnormality, reduced gmwth
3 Tests are not yet standardized within the state program; recommendations are to follow ASTM  American Society of Testing and Materialsl
protocols  MacDonald, 1994, Volume2 and refemnces cited therein!.
4 Department of Ecology, Human Health also performs human health assessments on case-by-case basis, but standardized effects levels are stiU
in development  Kissinger, L., Washington State Department of Ecology, July 2000, personal communication!.
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SEDIMENT QVALrn CRITERIA

Florida and Washington state programs utilize
regionally-developed sediment quality criteria
 whereas California's sediment quality program
does not use sediment quality criteria!. Both of
these sediment quality criteria sets were derived
using co-occurrence methods.

In Florid, sediment quality assessment guide-
lines  SQAGs! were developed  MacDonald, 1994!
to be used in preliminary evaluations of sediment
quality and to prompt evaluation at higher tiers of
the sediment assessment procedure. The SQAGs
were developed from an expanded version of the
National Oceanic and Atmospheric
Administration's  NOAA's! bioeffects database,
with specific attention paid to studies conducted in
the southeastern part of the United States, The
studies compiled for this database included equilib-
rium partitioning-based guidelines, the results &om
spiked-sediment bioassays, and data from field
investigations of sediment toxicity and benthic
community structure. Raw data from these studies
were subjected to statistical co-occurrence analyses
to determine relationships between chemical con-
centrations and various observed effects and develop
SQAG's  which were comprised of the Threshold
and Probable Effects Levels; TEL and PEL, respec-
tively!. The TEL was defined as the upper limit of
the range of sediment contaminant concentrations
in the "No Effects" data set, below which signifi-
cant biological effects were not expected to occur.
The PEL was defined as the lower limit of the

range of sediment contaminant concentrations in
the "Effects" data set, above which adverse effects
were expected to occur frequently or always.
Finally, based on the TEL and PEL guidelines,
three ranges of contaminant concentrations were
identified for each contaminant  Figure 1!.

The sediment quality criteria  Becker er td.,
1989; Washington State DEP, 1991! used in the
Washington program are based on the multiple
Apparent Effects Threshold approach  AEQ,
which is an empirical approach for establishing
sediment quality criterialguidelines  Barrick er aI,,
1989; USEPA, 1992!. These guidelines are intend-
ed to be used in conjunction with bioassays for site
characterizations and to prompt higher tiers of test-
ing in the dredged material management program.
The Apparent Effects Threshold  AET! for a given

Possible Effects Probable Fffects
Ran e Ran e

Minimal Effects
Ran e

Figure 1. Diagrammatic interpretation of Threshold and Probable
Effects Levels  TEL%EL!,

chemical is the concentration above which statisti-

cally significant effects are always expected  at the
95% confidence level!. Chemical and biological
tests were conducted on field samples from Puget
Sound to identify "impacted" and "nonimpacted"
sites by statistically relating observances of adverse
effects  using both acute and sublethal indicators!
in test sites to those in reference sites, Using only
"nonimpacted" stations, the AET for a given chem-
ical and biological indicator was the highest detect-
ed concentration  total organic carbon normalized!
that was not associated with adverse effects  see

Figure 2!.

AET

Figure 2. Diagrammatic interpretation of Apparent Effects
Threshold  AET!.

TIERS AND TESTS

Of the three sediment quality assessment pro-
grams reviewed, only Florida's program is tiered.
California's Bay Protection and Toxics Cleanup
Plan program is non-tiered, The Washington state
sediment quality assessment program is tiered in
the dredged material management program; yet,
non-tiered for sediment quality monitoring and site
characterizations for remediation.

State programs are utilizing acute and chronic
toxicity tests, benthic surveys, and bioaccumulation
assays within the sediment assessment programs.
These tests are not always required for any given
assessment  e.g., dredged material management in
Washington state and sediment quality assessment
in Florida!. Endpoints not available in the state
programs, but that do exist in the research arena,
include genotoxicity, intrinsic population growth,
recruitment, and assays for histopathological
abnormalities.
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INTEGRATION WITH DREDGED MA~

MANAGEMENT

Federal evaluation procedures  USEPA and
USACE, 1991; USEPA and USACE, 1998! for
dredged material management are used in aH
regions, sometimes with regional-specific modifi-
cations. The Florida Deparnnent of Environmental
Protection and California BPTCP are not affiliated

with their respective regional dredged material
management plans, However, in Washington, both
federal  ACE Seattle District and EPA Region X!
and state  Department of Ecology and Department
of Natural Resources! agencies have jointly coop-
erated for the past 12 years in managing the
dredged material inanagement program  USACE ef
a1., 2000!. This program uses the regionally
derived sediment quality criteria in evaluating
dredged materials. The standard Screening Level
 SL; concentration below which adverse effects are

very unlikely! and Maximum Level  ML; the con-
centration above which adverse effects would be

expected! values used are based on the AET values
that have been developed in Washington. In addi-
tion, Tier III biological tests are similar to the
state's sediment quality program and are required
for aH sediments containing contaminant concen-
trations between the SL and ML values.

DISCUSSION AND CONCLUSIONS

Across just three state programs, there are
major differences in sediment assessinent methods
and programs. Additionally, these state sediment
assessment programs differ from federal dredged
sediment evaluation guidance. One cominon pur-
pose of aH programs is to ensure that sediments are
accurately characterized and meet environmental
regulatory standards. Further work must evaluate
and quantify the differences between the various
programs' conclusions about potential for ecologi-
cal and human health risks. For example, ques-
tions that must be answered include: In practice,
how are these assessment programs enforced and
how often does poor or incomplete implementation
occur? What gaps in protection exist for each pro-
gram? Is any one program's approach less sensitive
for detecting potential for adverse ecological and
human health risks than another? Is one program
more effective and/or efficient than the other?

What are the environmental consequences of a
region having different assessment program
approaches  e.g., for purposes of site characteriza-
tion vs. dredged material management!?

Numerous techniques and tools are available
for regulatory programs, including tests and
approaches not ctnrently required by the federal
dredged material management program in marine
waters  e g�chronic toxicity tests that measure risk
to reproductive and growth endpoints in whole
marine sediments!, If we are to reach goals, at
local and national levels, of reducing ecological
and human health risks from contaminated sedi-

inents, regions must further develop and properly
impleinent sediment assessment programs that
learn from each other's progress and work together
 instead of on separate tracks! towards environ-
mentally-sound management of aH sediments,
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ABSTRACT: The recently completed Boston Harbor Navigation Improvement Project
relies upon capped in~el con6ned aquatic disposal  CAD! eels to sequester
containinated sediments. This study uses decision analysis to evaluate the costs and
environmental benefits of various suboptions that were  or could have been! considered
in the decision making process. Consolidation time is related to cell depth and sediment
characteristics and determines, in part, cap depth, which is a more important
determiner of CAD performance than is consolidation tmie alone. Based on engineering
costs alone, uncapped CAD cells provide more bene6t per donar anocated than do
capped CAD cells. If environmental bene6ts are monetized, uncapped cells, by a slim
martpn, provide greater bene6t than capped cells. If a willingness to pay is added to the
benefit effectiveness assesitment, then capping may be more beneficial as long as the cost
does not exceed the willingness to pay amount. Furthermore, if the environmental
benefit of capping is "worth it", it makes sense to remediate sediments in all portions of
the harbor, and not just those involved in navigation and berthing dredging projects
 approxhnately 33% of the total inner harbor!.

Decision analysis is a useful tool in evaluating disposal alternatives, but our condusions
would be inore precise if better information were available regarding: the valuation of
environmental bene6t, the cost structure of disposal options, and the degree to which
movement of coataminated, undredged sediments undermme the benefits achieved by
reinoval of only part of a harbor's contaminated sediment.

Keywords: CAD, capping, decision analysis, Boston Harbor, MA

constructed in-channel confined aquatic disposal
 CAD! cells to sequester contaminated sediments
generated during the dredging of Boston's Inner
Harbor  Figure 1!. Uncertainty about the stability
of dredged sediments and the environmental
acceptability of uncovered pits resulted in the
decision to place a clean sand cap over the
dredged materials  USACOE and Massachusetts
Port Authority, 1995!. Are such caps necessary for

IÃIRODUCTION

Disposal of contaminated sediments is one of
the most challenging aspects of maintaining and
operating navigable channels. The Boston Harbor
Navigation Improvement Project  BHNIP!

Corresponding author; telephone: 617-252-1741;
fax; 617-252-1615; email: jpedersoQ mit,edu

A Decision Analysis Approach for KvalIIating Capped in-Channel CAD CeHS

for the Boston Harbor Navigation Improvement Project
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environmental protection? If pollutants continue to
enter the harbor and cover clean, capped areas, is
there a net environmental benefit gained from the
additional project cost? This study uses decision
analysis to address these issues. In addition, we
address two broader questions:
~ What are the costs and environmental benefits

of various options for dredged material disposal?
~ How useful is decision analysis as a tool to

evaluate such options?

Figure 1. Map of Boston Harbor showing originally planned CAD
cells  adapted from the USACOE!.

Decision analysis provides a numerically based
approach to tmderstanchng policy issues and is
often employed in situations compounded by envi-
ronmental uncertainty. Here, the challenge is to
select numerical values for environmental compo-
nents that are agreed upon by society. Our model
examines costs and environmental benefits of six

in-channel sediment sequestration options plus a
seventh option of no environmental action  i.e.,
simply leaving dredged sediments on the harbor
floor! that is given the numerical value of zero.
The six disposal options include isolation  e.g.,
perfect sequestration within the cell, equivalent to
removal of the contaminants from the site such as

would occur if upland disposal were used!, dispos-
al in partially functioning shallow � m! and deep
�5 m! cells with short �2.5 and 125 day! and
long �25 and 250 day! consolidation times respec-
tively, prior to capping � options! and disposal in
uncapped cells.

Figure 2 shows some environmental pathways

which include: �! loss of contaminants  sorbed to
particles! during disposal events, �! exposure of
benthic organisms to contaminated sediments, �!
release of contaminants  dissolved or desorbed
from sediments! into the water column, �! resus-
pension of contaminants  sorbed to particles! from
cells whose sediments are not well-consolidated, �!
resuspension of contaminants  sorbed to particles!
from cells after an initial consolidation period, and
�! release from cells through cap  dotted because
assumed to be minor!. Capping reduces exposed
areas, but a cap may be covered with cont unin nits
transported from other areas incluchng undredged
harbor areas. The rate of contaminant availability
as a function of time for all five environmental

pathways is shown schematically in Figure 3,
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Figure 2. Enviroumen& impacts fmm Conflned Aquatic Disposal
 CAD! cells. Arrows indicate sources of contaminants, as explained
in the text. Environmental ~ reflect contaminant availabiTity in
sedhnsnts and water column,

To avoid difficulties  Le. essentially a lack of
data! with assigning costs to environinental bene-
fits, an incremental benefit-cost ratio was chosen

out of four possible approaches  Table 1!. If all
approaches were used, an incremental cost of each
option with successively higher environmental ben-
efits could be compared  de Neufville, 1990!. In
this study, the benefit-cost ratio was used because
it is possible to use this approach without assigning
monetary value to the environmental benefit. The
advantage of this method is that it avoids placing a
value on non-monetary benefits; the disadvantage
is that it assumes there is an increasing returns to
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scale, i.e., there is increasing benefits with increas-
ing costs. Using the chosen isolation option  cap-
ping!, monetary values were assigned to environ-
mental benefits for the model and sensitivity analy-
sis was run to determine the importance of the
assigned values.
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Figure 3. Qualitative representation of environmental impact versus
time for five exposure pathways. "Resuspended from cell" includes
both resuspension from unconsolidated sediments  non-linear portion
of the curve! and resuspension from consolidated sediments  linear
portion!.

Table 1. This table shows four methodologies for evaluating project
alternatives and the approach each takes to choosing an optimum
pmject alternative, but only a monetized and non-monetized benefit-
cost ratio was used  de Neufville, 1990!.

Based on monitoring data from six cells of the
BHNIP  pilot cell, Mystic River cells M4, M5,
M12 and M2, plus the super cell!, cap effective-
ness curves were derived as a function of the cell

depth and the interval of time between silt disposal
and cap placement  Figure 4!, Cap effectiveness
reflects the degree of consolidation based on
observed sediment mixing within sample cores
 Sommaripa, 2000!. Consolidation is shown to be
positively correlated with consolidation time and
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negatively correlated with silt depth. Note that one
cell  M5! did not conform and was dropped from
the evaluation. The cap in M5 remained intact, at
a depth of approximately 1 meter.

Pre-csp Consolidation [days]

Figure 4. Cap performance curves  etfectiveness of consolidation! as a
function of consolidation time and cell depth  indicated paramemcally!
using data  rom BHNIP.

A monetized approach for environmental bene-
fits  a benefit-cost ratio analysis that assumes a
willingness to pay for units of environmental bene-
fits! shows that uncapped CAD cells are the pre-
ferred alternative over capped cells and complete
isolation, but only marginally  Table 2; Figure 5!.
However, incrementally the added benefit from the
cap is low relative to the uncapped cells.
Environmental benefits are highest for isolation,
but costs make this option less attractive. Ainong
capped cells, deeper cells are preferred to shallow
cells and, to a lesser extent, long consolidation is
preferred to shorter consolidation. Heuristically,
for a given quantity of contaminated sediments to
be sequestered deep cells provide more environmen-
tal benefit  f'rom having a smaller exposed surface
area! than costs  due to reduced consolidation!. We
note that the quantitative aspects of these conclusions
reflect uncertainty with the chosen parameter values.

The value of remediating the entire harbor was
also investigated  Figure 6!. If only the channel is
dredged, there is a significant decrease in incre-
mental benefit-cost ratio  dotted line!, whereas
dredging the entire harbor shows a slight decrease
in incremental return  solid line!. This is based on
how costs are allocated � to navigation or remedia-
tion, As the percentage of the harbor remediated
increases, the effect of silt movement on reducing
environmental benefits decreases because there is

less contaminated silt available to cover up cleaned
areas. Based on the assumptions used in this
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Cost Environ,
Benefit
 $x10 !

Net Value
 $x10s!

Cell
Depth
 m!

Consol.
Iiiterval
 days!

Alternative

Uncapped deep
CAD cells

11,23 41.65 30.0815

long
�50!

Capped deep
CAD cells

13.20 43.59 30.0315

short
�25!

Capped deep
CAD cells

13.20 43.39 29.8215

long
�25!

Capped shallow
CAD cells

17.16 39.54 22.06

Capped shallow
CAD ce][s

short
�2.5!

17.16 38.71 21.23

Removal &om
site

68.08 74.04
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Table 2. Base case summary results for six disposal alternatives for
the base case for remediation of connuninated sediments from chan-
ne! areas of the harbor. The net value is the difference between the
environmental benefit and the cost of the alternative. Based on the
net value, the deep cell CAD options are preferred.

2u Au eo su
cumulative cost [$miliion]

Figure 5. The t]nee cost effective project alternatives show decreeing
incremental benefit-cost ratios,  environmental benefit/$100! which
raises doubts about whether the small additional benefits of adding a
cap to CAD cells justifies the relatively large incremental costs.

voluine silt mnediated [million cubic mcicis]

Figure 6. Both the capped  deep cell, long consolidation interval!
and uncapped CAD alternatives initially show demeaning incremental
benefit-cost ratios  environmental benefit/$100! if tbe entire harbor is
dredged. As the percentage of tbe nonwhanne] areas dredged
increases  data points represent remediation of 0%, 10%, 33%, 67%,
and 100% of the non-channel areas of the harbor!, the incremental
benefi-cost ratios increase. The cumulative benefit-cost ratios are
somewhat lower for dred[p'ng the entire harbor than for dredging only
the channel areas of the harbor.

analysis, the willingness to pay threshold for the
entire harbor is $37/m3 of successful remediation.

This is considerably lower than the incremental
willingness to pay threshold for putting a cap on a
CAD cell  $112 per m3! when the option exists to
use an uncapped CAD cell, Over the long-term it
is worth remediating the entire harbor.

Sensitivity analysis was performed for the vari-
ous alternatives and confirined that the model is

most sensitive to cost. Depending on where the
willingness to pay valuation is set, a  Mferent level
of remediation is recommended. Sensitivity analy-
sis of environmental benefits show that surface

area reduction and sediment movement are the

most important parameters.

~ For the valuation of environmental benefits

used in Boston Harbor, uncapped CAD cells
provide more benefit per dollar allocated than
do capped CAD cells.

~ The environmental benefit froin CAD cells

increases strongly as cell depth increases, and
to a lesser extent as consolidation time increases.

~ If the incremental cost of capped CAD cells is
a worthwhile investment, then remediation of
the entire contaminated harbor sediments is

also worthwhile.

~ The key variables that lead to uncertainty over
preferred disposal alternatives are:
�! valuation of environmental benefit,
�! cost structure of disposal options,and �! the
degree to which inovement of cont iminated, un-
dredged sediment undermines benefits
achieved by removal of only part of a harbor's
contaminated sediment.

Decision analysis is a useful tool to help policy
makers understand tradeoffs among sediment dis-
posal alternatives and how  hfferent policy and
technical assumptions lead to  hfferent preferred
alternatives.

This study was supported by the MIT Sea
Grant College Prograin  contract no:
NA86RGO074 and NA46RAO434!.
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The National Research Council's Environmental Dredging Windows Project:

Seeking Input
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BACKS aoUlqD

The Steering Committee plans to convene a
national workshop on environmental windows on
March 19 � 20, 2001 in Washington, D.C. The

Corresponding author, current address: Aquarium of the Pacific,
100 Aquarium Way, Long Beach, CA 90802 USA; telephone: 562-
951-1608; fax: 562-590-3109; email: jschubeltii'lbaop.org

Environinental dredging windows are a man-
agement tool for reducing the environmental
impacts of dredging and disposal operations on
living resources, aesthetics, and recreation and
tourism. Dredging windows are one of a number
of management and technological tools that can be
used individually or in fhfferent combinations to
reduce undesirable impacts of dredging and dis-
posal operations. The U.S. Army Corps of
Engineers  ACOE! has contracted with the
National Research Council's  NRC! Marine Board

to conduct a study of the application of environ-
mental dredging windows in Federal Navigation
Projects. The project is being carried out in col-
laboration with the Ocean Studies Board.

The goaLs of the NRC project are to review
the process by which environmental windows are
set, applied, and managed, and to recommend
ways to improve the process and the effectiveness
of environmental windows as one of a set of man-

agement and technological tools used in managing
dredging and disposal operations. The project
Steering Committee sought input &om the par6ci-
pants in the MIT Sea Grant Conference on
Dredged Material Management: Options and
Environmental Considerations, and a questionnaire
was distributed at the conference.

The ACOE's primary interest in environmental

windows stems from the fact that currently 80% of
all civil works operation and maintenance dredging
projects are subject to environmental windows on
a yearly basis. Environmental windows are tradi-
tionally established to protect the marine environ-
ment from the primary stressors generated during
dredging operations. These stressors include:
~ entrainment  juvenile and larval fishes, sea

turtles and other endangered species!;
~ suspended sethments/turbidity/re-suspension of

buried toxics and nutrients  negative impact on
fish and shellfish spawning, disruption of
anadromous fish migrations, reduced water
quality and aesthetic degradation!;

~ sethmentation  burial of protected plants!;
~ habitat loss;

~ collisions with marine mariunals  e.g., whales!.
The establishment of environmental windows

frequently involves multiple state and federal
agencies many of whom may follow different pro-
cedures in recommending windows, e.g., the level
of justification and documentation supporting a
recommended window may vary from agency to
agency. The ACOE, therefore, has requested the
Marine Board to examine both the scientific basis

and regulatory process used to establish, manage,
and monitor environmental windows.



ENVIRONMENTAL DREDGING WINDOWS PROJECT l 49

following topics will be discussed during the work-
shop: the statutory and regulatory basis for estab-
lishing various protection measures; the current
state of the science concerning the biological/ eco-
logical impacts of alternate dredging methodolo-
gies; new developments in dredging techniques and
technologies; analytical methods for assessing
costs and benefits; and, the administrative process
currently followed for establishing windows in
various districts,

The primary outputs from the workshop will
be the following:
~ An analysis of en~onmental dredging win-

dows as a management tool with an emphasis
on �! their effectiveness in protecting natural
resources, �! the processes by which they are
developed, applied, and managed, and �! the
other management and technological tools
available that could be used in conjunction
with, or instead of, environmental windows.

~ A set of recommendations to improve the
processes by which environmental windows
are developed and to improve the efficacy of
environmental dredging windows as one of a
number of tools available to protect natural
resources, and to promote greater consistency
in their development and application across
regions.

CQNTAcT INFQRMATIQN

If you would like additional information
regarding the Steering Committee or the
Workshop, please contact either Jerry R. Schubel at
�62! 951-1608 or Kris Hoellen of the
Transportation Research Board at �02! 334-3385.
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Evaluation of Dredging Technologies for Project Specific Needs
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ABSTRACT: The ongoing remedial design for sediment dredging and disposal at the
New Bedford Harbor Superfund site will be based on prior site characterization and
pilot dredging and disposal studies. From these it has been learned that selection of the
dredging technology must address needs for accurate dretlging, high production, and
minimal resuspension and spill of sediments during dredging. Also, for successful
completion of the project it is important to dredge and trtmsport sediments minimizing
water addition to the waste stream and to dredge efficiently in debris laden and shallow
water depth areas.

To develop current information on the capabilities of state-of-the-art dredging
equipment and verify the performance of the equipment a detailed technology
evaluation was performed. New Bedford speeiTic screening criteria were used in the
technology evaluation. Two types of dredge systems were selected from the technology
screening. It was decided to perform an on-site pilot dredging study of one of the dredge
systems to monitor and verify dredging performance. The Pre-Design Field Test
 PDFT! included monitoring of the dredging for performance parameters and
environmental affects. Monitoring was conducted for dredge production, solids
concentration of dredge slurry, dredging accuracy, sedhnent resuspension and
transport  water quality!, air emissions from dredging and disposal, and confirmation
of clean-up goals.

Key words: contanunated sediment, pilot studies, performance parameters, environmental
monitoring, New Bedford Harbor, MA

INTRODUCHON

Cortesponding author; telephone: 617-457-8234;
fax: 617-457-8498; email: aikalainen@fwencfwenc.corn

The U.S. Environmental Protection Agency
 EPA! and U.S. Army Corps of Engineers, New
England District  USACE! entered into an
Interagency Agreement giving the USACE the
responsibility to provide technical assistance to
EPA on New Bedford Harbor, to include remedial

design activities associated with the Record of
Decision  ROD! for the upper and lower New

Corresponding author, telephone: 504-587-8600;
fax: 206-985-4519; email: jlaliy@fwenccfhean.corn

Bedford Harbor. The remedial design will be
accomplished in accordance with the ROD dated
September 25, 1998. The harbor sediments are
contaminated with PCBs, heavy metals and other
chemicals.

The remediation plan involves dredging of
PCB contaminated sediments throughout the
Acushnet River estuary and New Bedford Harbor
and placement of dredged material in nearshore
confined disposal facilities  CDFs!. The cleanup
wiII require the use of state-of-the-art dredge tech-
nology, dredging techniques, and material handling
systeins to be completed successfully.



Prior dredging activities have been performed
in the New Bedford Upper Harbor dining the Pilot
Dredging study in 1988 and 1989  USACE, 1990!,
and for the Hot Spot dredging in 1995  USEPA,
1996!. While these chedging events did demon-
strate the use of a number of conventional and

alternative hydraulic dredging systems, the
USACE requested Foster Wheeler Environmental
Corporation to research more innovative technolo-
gies in an attempt to optimize the dredging process
for the full scale project, particularly with regards
to dredge production, dredging accuracy, and
dredged material water content.

In 1999, Foster Wheeler working with the
USACE performed preliminary and detailed evalu-
ations of current, available dredge technologies to
meet the specific requirements of the full- scale
remediation project. The primary requirements of
the dredge equipment on the New Bedford Harbor
cleanup axe demonstrating accessibility for dredg-
ing of the Upper Harbor given low bridge clear-
ances and shallow water depths; minunization of
resuspension of contaminated sediments; adequate
dredging production; minimization of water added
during the dredging process; and dredging accuracy.
Following a review of these evaluations with
USACE and the EPA, it was determined that a pre-
design field test  PDFT! of dredging systems with
demonstrated potential to meet a series of require-
ments for the New Bedford cleanup take place
prior to final selection of the dredge system s! to
be used on the full-scale cleanup.

DRKDGK TKCHNOLOGY SELECTION

The report "New Bedford Harbor Cleanup
Dredge Technology Review  FWENC, 1999!,"
provides an assessment of potential dredging tech-
nologies that can address a set of specific chal-
lenges and criteria that have been identified in pre-
vious studies and actual dredging efforts at the site,
These include the following:
~ Maximize solids content and thereby reduce

water volume and water treatment;

~ Minimize resuspension of contaminated marine
sediments while dredging;
Dredge in shallow water depths � to 4 feet!
and inter-tidal areas;

~ Perform precision dredging to minimize over-
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dredging, which would add to the volumes of
material requiring disposal in Confined
Disposal Facilities  CDF!;

~ Dredge in sediment having significant debris;
~ Attain relatively high production rates; and
~ Minimize or eliminate odors and polychlorinated

biphenyl  PCB! volatiTization  control floatables
and oils with specific emphasis on controlling
contanunated orl releases durmg dredging!.
Over sixty �0+! dredge technologies available

in the United States and internationally were
screened for application on the New Bedford
Harbor project in the report. Based on the project
constraints, described above, the following dredge
systems and components were proposed for further
investigation by Foster Wheeler. These dredge
systems and components represent currently avail-
able technology that have completed full-scale
environmental remediation projects and are
believed to meet at least the majority of the critical
New Bedford Harbor Cleanup Project parameters.
These technologies were further screened and eval-
uated against the project criteria in a subsequent
report titled Evaluation of Dredge Technologies,
Phase Two � Detailed Evaluation  FWENC,
2000!. Based on the findings of this study, the
dredge technologies having the highest probabiTity
for success in meeting the New Bedford Harbor
project constraints were proposed for further inves-
tigation by site demonstration or meetings with

Table 1. Screened Manufacturers of Dredge Technology.
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technology representatives. These technologies
included the following:
~ Bean Technical Excavation Corporation  Bean

TEC! Bonacavor,
Normrock Industries Amphi hex,

~ Ellicott International Series 370 Hydraulic
Cutterhead Dredge.

It was concluded that dredging technology used for
environmental remediation dredging has changed
substantially since completion of both the New
Bedford Harbor Pilot Dredging Study in 1988-
1989 and the Hot Spot Dredging event in 1995.
Mechanical dredging techniques had been excluded
for use on these two events due primarily to the
inefficiency of barge transport to the disposal facil-
ity  due to shallow operating depths!, concern over
resuspension of contaminated sediments, and the
perception that a hydraulic system creates a more
uniform bottoin surface.

In the 1990s, in response to a growing number
of environmental remediation projects, hybrid
dredging systems  the mating of a mechanical
excavation system and a hydraulic transport sys-
tem! have been developed and used to successfully
complete a number of full-scale sediment remedia-
tion projects. The Bean Technical Excavation
Corporation environmental hydraulic excavator
Bonacavor, and the Normrock Industries
Amphibex, are two such systems that have com-
pleted full-scale projects, and that likely would be
well suited to complete portions of the full-scale
cleanup at New Bedford Harbor. Conventional
hydraulic cutterhead dredge systeins have also
been successfully used to complete contaminated
sediment removal projects, incluthng the New
Bedford Harbor Hot Spot Dredging, and could suc-
cessfully complete portions of the full-scale
cleanup.

The Ellicott 370 hydraulic cutterhead dredge
had been used during both the Pilot and Hot Spot
dredging events, and, to date, had provided the best
all around performance results in the site.
Significant testing and data collection had been
performed and documented regarding the dredge's
performance. The Ellicott 370 hydraulic cutterhead
dredge was therefore established as the baseline for
coinparison of the newer dredge technologies to be
tested.

The Normrock Industries Amphibex was con-
cluded to represent the most applicable type of

"amphibious" dredge technology for the full-scale
cleanup in shallow and inter-tidal areas, and the
manufacturer was approached to coordinate a field
demonstration during the PDFT. At the time how-
ever, Normrock Industries, a Canadian firm, had
manufacturing operations located only in Canada,
and its dredge, having been built on a foreign hull,
was precluded from operating in navigable waters
of the United States, and thus subsequently deleted
from participation in the PDFT. The company has
since opened a manufacturing facility for the
Amphibex in the United States, and as the hull is
now not foreign built, it may be further considered
for use on the New Bedford Harbor Cleanup, as
well as other dredging operations in the U.S.

The PDFT therefore focused on the Bean type
environmental hydraulic excavator for testing on
the New Bedford Upper Harbor. Coorchnation
between Bean Environmental LLC  BELLC!, and
Foster Wheeler for participation in development
and demonstration of a Bean type environmental
hydraulic excavator suited to work within the
parameters of the Upper Harbor site was initiated
in early 2000.

Foster Wheeler contracted with BELLC to

develop a dredging system that enables selective
dredging of the contaminated sediment, minimizes
the amount of water added during the slurry pump-
ing process, and recycles the dredge slurry effluent.
This dredge system would be a variant of the origi-
nal Bean type environmental hydraulic excavator
Bonacavor, which was used successfully on the
Bayou Bonfouca Superfund project.

BRA~ ENvmoremmm TRST Dynam

BELLC developed, mobilized and demonstrat-
ed a hybrid dredge  mechanical excavation/
hydraulic transport!, which incorporated the major
innovative environmental dredging systems
described below.

HotuzoNTAL PR0HLING GRAB  HPG!

One of the primary recommendations of the
dredge technology evaluations  FWENC, 1999!
and a goal of the PDFT was to apply mechanical
dredging equipment to the New Bedford Harbor
cleanup site. It was theorized that excavation using
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a mechanical clamshell bucket could provide opti-
mum dredging production, debris management, and
dredging accuracy for the New Bedford Harbor
site-specific conditions. The mechanical bucket
selected for use with the BELLC dredge tested dur-
ing the PDFT was the proprietary Horizontal
Profiling Grab Bucket  HPG!. The HPG was devel-
oped by Royal Boskalis Westminster n.v.,
BELLC's European partner firm, and it has been
used successfully on environmental remediation
projects in the Netherlands and Europe involving
dredging of contaminated secbments. A 4.5 cy HPG
bucket was imported to the United States for
demonstration on the PDFT.

The HPG bucket is designed to excavate thin
layers of material with high accuracy causing rnini-
mal spill and turbidity. The HPG bucket is operated
by a hydraulic excavator, with rigid connections, as
opposed to a conventional crane derrick with wire
ropes. Because the HPG bucket is closed actively
by hydraulic cylinders, not closing wires, its vul-
nerability to debris is also significantly reduced.
The incorporation of a 360 horizontal hydraulical-
ly activated rotor between the excavator-stick and
the HPG bucket allows the bucket to be positioned
so that the cutting pattern consists of adjoining,
parallel rectangles. A Caterpillar 375LC hydraulic
excavator with a 27' 6" boom and an 18' 1" stick

was selected as the optimal machine with which to
operate the HPG bucket. The total weight of the
375LC is approximately 180,000 lbs.  Caterpillar,
1998!. Modifications were made on the excavator's
hydraulic system to incorporate all rotation and
closure functions of the HPG at relatively low
speed, to avoid turbidity during dredging. The
375LC was equipped with centimeter level accura-
cy Real Time Kinematic  RTK! differential global
positioning system  DGPS! and the Crane
Monitoring System  CMS!, described in further
detail below.

The HPG is designed to provide a level cut, in
contrast with a conventional clamshell bucket's
semi-circular or arched cut. The prnnary advan-
tages of a level cut are less need for overlap
between adjacent grabs to achieve grade, muumal
removal of underlying  clean! material to obtain a
"clean" bottom, and greater accuracy over the
dredge area. The large footprint of the bucket is
intended to provide optimum production in thinner
layers of material with minimal addition of water.

The maximum opening of 14.75 ft., for the 4.5 cy
bucket, is approximately 80% longer than that of a
conventional clamshell bucket of same capacity.
The HPG is also designed to be a "sealed bucket" to
minimize resuspension of sediments by containing
the dredged material during excavation and place-
ment, by means of gasketed, mechanically driven
seals, that close when the bucket closes.

CRANE MoNITORING SYsTEM  CMS!

The proprietary CMS is an on-board electronic
sensor system that provides the crane operator
maximum control of the bucket while dredging,
both in the horizontal and vertical planes. The
CMS combines signals from the excavator boom,
stick, and bucket hinges, signals from the swing of
the excavator, the horizontal and vertical position
of the RTK antenna, and the list, trim and orienta-
tion of the barge. These signals are assimilated in
a computer that displays the entire dredge system
in a graphical format, in combination with the digi-
tal pre-dredge hydrographic survey and the design
dredge prism. In using the CMS, the operator
dredges in pre-programmed dredge sets based on a
planned horizontal and vertical grid. A heads-up
display installed in the operators cab gives a record
of the historical bucket position and grade achieved
for every set of the dredge. The CMS display mon-
itors were also provided in the control room and
the visitor's room during the PDFT. Via telemetric
link, the CMS display can also be provided to a
landside office, in real time, in proximity to the
dredge area.

SLURRY PRocEssiNo UNIT  SPU!

Miniinization of the amount of water added to
the dredged material is a focus area of the PDFT
and the design of the full-scale remediation project.
A key component of the Bean dredge Bonacavor
that was desired to be tested for application on the
New Bedford Harbor Cleanup was the patented
Slurry Processing Unit  SPU! with automated con-
trol unit. The SPU system is a hydraulic slurry
transport system that delivers high percent solids
concentrations, by introducing controlled amounts
of water to mechanically dredged material. The irI
situ material conditions dictate the theoretical
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maximum achievable slurry density  i.e., it is not
possible to achieve solids concentrations that are
higher than that of the in situ material!.

Operation of the SPU system began after
placement of the dredged material by the HPG
bucket on the 6 in. x 6 in. grizzJy screen of the
process hopper for debris separation, To prepare
the optimal mixture for the hydraulic transport, two
horizontal augers were installed on the bottom of
the hopper to homogenize the dredged material and
to reduce the  shear-! strength of the sediment. The
SPU controls system measure hopper level, suction
pressure and mixture velocity along the suction
line. Suction pressure and/or velocity readings
below preset operating ranges indicate to the SPU
operator the presence of higher than desired densi-
ties or suction line blockage. Sensors located on
three specific gravity  S.G! loops placed along the
discharge line on board the dredge measure param-
eters by which the solids maximization process is
steered. The third S.G loop measures and records
the final solids concentration of the slurry as it is
pumped from the dredge to the PDFT confined dis-
posal facility  Sawyer Street CDF!.

REcrRcUL~ox SYsmwr

The SPU system is intended to minimize the
amount of water to be added to the dredged materi-
al such that the dredge slurry density is optimized;
however, the water that is added to the hydraWc
transport system requires storage capacity and ulti-
mately, treatment. Due to the full scale project
parameters of large dredging volume, the require-
ment for hydraulic transport due to shallow water,
and limited CDF capacity, efforts were made by
Foster Wheeler, the USACE and Bean

Environmental personnel to develop a system
which would serve to further minimize the volume

of discharge water to be managed on the full scale
project A water recirculation system was therefore
included for testing in the PDFT.

The recirculation system involved the pumping
of decant water from the CDF with a self priming
8-in. diesel driven pump, via an 8-in diameter
3,000 foot fused high-density polyethylene
 HDPE! pipeline, back to the dredge for use as
make up water, thereby creating a closed loop sys-
tem. The make up water system for the SPU was
drawn from either return water from the CDF or

harbor water via a sea chest. During the PDFT
dredging, however, only return water from the
CDF was used to supply the make up water pump
installed on board the dredge. The make-up pump
increased the pressure of the make up water to a
maximum of 150 pounds per square inch  psi!. The
make up water supply, available at a charged mani-
fold, was used by BELLC for a number of opera-
tions, inclu«hng SPU water injectors, suction line
debris jets, and a mini excavator  grizzly! debris jet,

DRED«:E PzRFoRMANcE TEsm

The BELLC dredge and support systems were
mobilized to the project site in late July 2000. With
final assembly of the dredge system and movement
into the dredge test area, the BELLC dredge under-
went a series of performance tests, To provide the
most realistic data for use in development of the
full-scale remediation project, the PDFT would be
conducted in areas and with equipment that would
be reflective of the Adl-scale project, to the extent
possible. A 100-ft. x 400-ft. dredge area, oriented
east-west, located in the New Bedford Upper
Harbor approximately 3,700 ft. north of the
Coggeshall Street Bridge, was originally designat-
ed for the PDFT. The area, centered on relatively
high levels  over 2,600 ppm! of PCB contarnina-
tion, would contain roughly 4,000 cubic yards  cy!,
assuming a two ft. dredge cut. Dredge cut lanes
were established, rrmning north-south, each 30 ft.
wide and 100 ft. long, with 2-5 feet of overlap. As
the dredge area transitioned across varying depth,
debris, sediment type, and contaminant zones, each
cut area would provide discrete "sub-test" areas
within which dredge performance monitoring could
be performed. The depths within the dredge area
ranged from roughly 5.0 feet Mean Lower Low
Water  MLLW! to 0.0 feet MLLW. The minimum

depth of cut in the dredge plan was 1 foot while
the maximum depth of cut was 4 feet. Sediments
dredged were hydraulically transported by the SPU
system via the discharge pipeline to the Sawyer
Street CDF, The maximum distance to the dis-

charge within the CDF from the dredge site was
approximately 2,800 feet. The PDFT Monitoring
Team consisted of representatives from the
USACE, USEPA, Foster Wheeler, BELLC, ENSR
International, URS, I«-etc and CR Environmental,
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DREDGE PRODUCTION

Dredge production inonitoring was performed
over the course of dredge operations in the PDFT
test area. Dredging was performed both with and
without operational controls  reductions in advance
speed and dredge cycle time! to obtain representa-
tive production rates over a range of conditions,
including varying depths, bank thickness, and
chemical and geotechnical conditions. BELLC col-
lected production data using a number of electronic
data collectors for the dredge systems, including
flow meters, production ineters, Crane Monitoring
System  CMS!, and slurry processing data. Foster
Wheeler and BELLC production engineers record-
ed excavator cycle time, and production delay data
throughout the duration of the tests. Production
monitoring data were summarized daily, and used
as baseline for the following days tests. All produc-
tion monitoring data collected over the course of
the PDFT, was assimilated, checked for quality,
and screened for use in developing production
ranges for the dredge that would be reflective of a
full-scale operation.

The dredge produclion monitoring program
yielded an average dredge production rate of 80 cy/hr,
based on a 10-hour operating day, including delays.
It is reasonable to assume that improvements in the
areas of debris handling, dredge advance, and over-
all dredge efficiency could be made for the full-
scale project that could bring the average dredge
production rate to 95 cy/hr or greater once the sys-
tem is optimized.

SOLIDS CONCENTRATION OF DREDGE SLURRY

Average sustained solids concentration values
recorded by the SPU systein over sustained dredg-
ing periods ranged Rom 13.3% to 16.3% solids by
weight. These concentrations were achieved in
dredge areas having in situ sediments with average
solids concentrations of 32% to 43% solids by
weight. The solids concentration values attained by
the BELLC dredge were impacted by debris.
Higher solids concentrations would be attainable
with inclusion of a more sophisticated debris sepa-
ration system on a full-scale project.

Of greater significance, however, was the suc-
cessful demonstration of the dredge effluent water
recirculation system. The recirculation system

essentially created a closed loop system, whereby
the only water added to the dredge process was
that entrained in the dredge bucket. This water
addition amounts to on the order of 30% to 40% of
the in situ volume, The water that was recycled
back to the dredge was used as make up water for
the SPU system, as jet water for debris management,
or directed back to the hopper, from the discharge
line, to increase the solids concentration of the
dredge slurry. No water was used from the sea
chest for make up water for hydraulic slurry
transport,

DREDGING ACCURACY

Dredging accuracy will be key to minimizing
the amount of overdredging while still attaining the
target cleanup goals of the project. The test dredge
equipment demonstrated that a mechanical bucket,
operated from an excavator with rigid connections
and a state-of-the-art monitoring and positioning
system could achieve a +/- 4 inch vertical dredging
accuracy based on coinparison of the PDFT post-
dredge survey with the target depths. An accuracy
evaluation showed that 95% of the test area was

dredged to within 6 inches of the target depth, and
90% of the test area was dredged to within 4 inches.

ENvmoNMszmAL MQNrroRING

PCB REMovAL EFFIcIENcY

The evaluation of the dredge efficiency at PCB
removal included two components. The primary
goal was to evaluate the dredge's ability to remove
contaminated sediment to a given ~de th horizon
relative to the dredging plan. The dredge perform-
ance was highly accurate in this regard.
Comparison of the target dredge volume with the
actual volume dredged yielded an overdredging
value of only 16%, with vertical accuracy of +/- 4
inches relative to achieving the intended horizon.
Comparison on pre- and post-dredging sediinent
PCB concentrations revealed that 97% of the PCB

mass was removed over the dredged area.
A secondary objective of the PDFT was to

evaluate this new dredging technology with regard
to site-speciTic cleanup levels. It should be
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understood that the project goal was not to leave a
final sediment concentration of 10 ppm  as an
average concentration over the upper one foot!.
The dredge performed quite well in this regard
also. The average sediment PCB concentration
 upper one foot! was reduced from 857 ppm to 29
ppm over the dredged area. This met the clean up
criteria of 50 ppm for the Lower Harbor and
approached the criteria of 10 ppm for the Upper
Harbor.

WATER QUALITY MONITORING

Water quality monitoring was conducted to
assess material resuspension characteristics at the
point of dredging and downstream of the dredging
operation. The water quality monitoring program
yielded favorable results, demonstrating no inajor
exceedances beyond compliance boundaries.

Air sampling was conducted during field test-
ing of the BELLC dredge to assess ambient air
PCB concentrations at the CDF and in the vicinity
of the field test dredge area. Satnpling results indi-
cate that dredging activities are not likely to con-
tribute significantly to air concentrations, Exposed
sediment in the CDF, however, is a significant
source of PCBs in air; additional controls inay be
required during full-scale dredging activities.

The PDFT was conducted August 10 - August
18, 2000, and yielded dredge performance and
environmental monitoring results that significantly
improved on the prior performance demonstrations
at the Upper Harbor Site. The study results, sum-
marized in the Final Pre-Design Field Test Dredge
Technology Evaluation Report  FWENC, 2001!,
will provide the basis upon which the final dredg-
ing and dredged material conveyance plan can be
engineered for the New Bedford Harbor Full Scale
Cleanup.
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U.S, Army Corps of Engineers, New England Division  USACE!.
1990. ¹w Bedford Harbor Superfund Pilot Study, Evaluation of
Dredging and Dredged Material Disposal. May.

U.S. Environmental protection Agency  USEpA!, 1996. Report on the
Effects of the Hot Spot Dredging Operations, New Bedford
Harbor Superfund Site. USEPA, Region 1. Nartagansett, RI.
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Use of Interactive Geographic Information Systems to Assist

with Management Decisions
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ABSTRACT: Each year regulators, scientists, enviromnentalists, and citizens who
affect the quality of our environment make thousands of decisions. These decisions are
made on the basis of best available information that is coinplex and includes
assmnptions nmde on various components, which make the dedsions difficult to
evaluate. With this in mind, a new decision-maldng methodology was developed that
utilizes Geographic Information Systems  GIS! as a way of displaying complicated
information that incorporates expert scientific knowledge, but allows the user to weigh
the importance of each data layer. This methodology was examined using the case study
of locating dredged material disposal sites in Boston Harbor and tested with
stakeholders and decision makers.

This new interactive GIS-based niethodology has several advantages over conventional
methodologies that indude: a user friendly process, use of solid scientiTic information,
visible and documented assumptions, broadly based, and immediate, repeatable, readily
available results. Because it aids consensus building and fosters an interactive, adaptive
management approach, this inethodology has the potential to allow decisions to be
reached in less time, with less cost, and with greater nmnbers of stakeholders, citizens
and decision makers satis5ed that a good and proper decision was reached.

Key words: GIS, adaptive management, site selection, Boston Harbor, MA

INTRODUCTION

Corresponding author, telephone: 617-252-1741;
fax: 617-252-1615; email: jpederso Qmit.etta

Some of the most pressing challenges in envi-
ronmental management derive from how decisions
are made. The disposal of contaminated sedi-
ments from dredging urban ports and harbors is
especially troublesoine and complicated by chffuse
and often contradictory federal and state regula-
tions and by public perception. Additionally, costs
of the project and environmental concerns related
to dredging and disposal may heighten tensions
among project proponents, regulators and the pub-
lic leading to delays in projects or costly solutions
to disposal that are of minimal value to the envi-
ronment. Although the process varies from state

to state, most state and federal regulations have a
provision for public input, both formally and
informally as decisions are being made about con-
taminated sediments disposal. These include the
weighty environmental impact reports, pages of
regulations, and tables of details about options that
require time and effort to fully grasp benefits and
limitations. Difficulty in accessing and under-
standing the information, prolongs the process of
decision-making before a project is permitted and
dredging occurs. For example it took 15 years of
assessment and environmental reports to fulfiH
state and federal regulations, secure funthng, and
receive final permits for the Boston Harbor
Navigation Improvement Project  BHNIP!
 USACOE 1988; USACOE and Massport 1994;
1995; USACOE 1996!.
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Responses during public review highlighted
several important components that frustrated stake-
holders and are summarized, in part, below:
~ Perceived failure to incorporate public input

early in the process,
~ Lack of confidence in a priori decisions that

limit options  e.g. size of area, locations for
siting disposal area!,

~ Lack of scientific input,
~ Inadequate documentation of assumptions,
~ Difficulty in integrating new information into

decisions,
~ Failure to reach consensus among stakeholders, and
~ Inability to present materials so that they are

easily assimilated and understood.
The perception that relevant information on

regulations, costs, and environmental or other con-
straints is not presented in a logical and easily
understood fashion will continue to plague large
and complex projects, Often, stakeholders partici-
pate at various stages in the process and may not
be aware of the reasons for reaching consensus on
the preferred alternative. They request revisiting
previous decisions, further delaying the process
and sometimes overturning early consensus-based
decisions. Ideally, the process should cornrnunicate
all the relevant information to stakeholders in a

form that allows them to evaluate the options and
assess early decisions throughout the process,

Decision-making is essentiaHy a political
process that is based on interpretations and percep-
tions of the underlying science  de Nile,
1990!. The emergence of geographic information
systems  GIS! provides tools to take complex
information and display it in a visual context. One
can add multiple data layers for comparisons and
calculate attributes of individual or combinations

of layers. In addition, it is possible to develop a
program to allow users to evaluate the information.
The interactive approach should use  a! scientific
and technical information to establish the data lay-
ers and  b! an interactive component to allow users
to evaluate "what if "scenarios.

Using Boston Harbor as an example, this paper
describes a methodology that uses an interactive
GIS to faciTitate the identification of disposal sites
for contaminated dredged materials. This method-
ology has the advantage of providing scientific and
technical information  data layers! developed hy
experts and allowing participants to weight the
importance of each data layer.

As part of the BHNIP, contaminated sediments
from the inner harbor were deposited in confined
aquatic disposal  CAD! ce11s in inner Boston
Harbor. Approximately 1.1 million cubic yards  cy!
of contaminated sediment were dredged from the
main shipping channel and berthing areas and
dumped in the CAD cells. Another 3.4 nullion cy
of clean parent material  Boston blue clay! and 0,1
million cy of rock were deposited at an open water
site offshore in Massachusetts Bay.

Based on the engineering plans, it was
assmned that the CAD cells for the BHMP would

be located throughout the entin: inner harbor and no
future sites in this area would be available for dispos-
al cells  Massport and USACOE 1995; USACOE,
1996!. The remaining portions of the navigation
channel are scheduled to be dredged within the
next few years, but the environmental assessment
process has not yet begun. The purpose of the
interactive GIS approach was to identify and facili-
tate a decision on other potential disposal sites
within greater Boston Harbor for the next dredging
activity. It was assumed that regulations would be
as strict or stricter in the future and the decision

that led to CAD cells near the dredging site as the
preferred alternative would drive the process. In
addition, the decision-making methodology should
be based on best available science and allow the

stakeholders  decision-makers, regulators, environ-
mental advocates, and public! to evaluate the
information in an interactive format.

THK CoNczrmm FamxwoRK

The first step in the program is to develop data
layers for identifying suitability of sites for CAD
cells based on environmental regulations, physical,
chemical and biological characteristics and other
parameters that are included in decisions and can
be spatially displayed  Figure 1!. As new information
becomes available, data layers can be added or
modified by appropriate experts. The second step is
for the public, stakeholders, and decision makers to
weight, combine and evaluate all of the expert infor-
mation to arrive at a consensus. This a11ows public
involvement in the decision-making process and is
built on good scientific and technical interpretation
of the data.

Based on the BHNIP Environmental Impact
Report/Statement  USACOE and Massport, 1995!,
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Figure 1. Flow chart depiction of how the data layers are created,

twenty-one data layers were identified for ranking
by experts. However, data were available for only
13. Data were generated for bathymetry; nautical
features; cuirents  d=l mm!; currents  d&.425 mm!;
sediment type; lead contamination; coastal barrier
resource units; eelgrass beds; shellfish; anadro-
mous fish runs; lobster; recreational fishing; and
swimming beaches. Data were not available for
bamer beaches; depth to bedrock; benthos; endan-
gered species; fisheries habitat; marine mammals;
archeological sites; and dive sites. This approach is
general enough that it would be possible to add or
remove more data layers as needed. Thus, data lay-
ers on economic information or regulatory restric-
tions could also be added  e.g. transport cost to dis-
posal site, no dumping areas!.

To illustrate how the process works two data
layers will be examined in detail: tidal current flow
and sheHfish productivity. For the tidal current
data layer scientists were asked to rank areas on
the basis of suitability for disposal. In this case it is
important that tidal current flow along the bottom
is less than that required to initiate movement of
capping materials, i.e. keeping containinated sedi-
ments sequestered. Suitable areas are those where
shear stress near the bottom wiH not transport sand
 as capping material and assumed to have a diame-
ter of greater than 1 mm! away from the site. Three
rankrng categories were chosen: �! highly suitable
were those where the ratio of bottom shear stress to
the critical sheer stress less than 0.8; �! moderately
suitable were areas where the ratio was between
0.8 and 0.1, and �! least suitable were areas with
the ratio greater than 0.1. The data were generated
from the M2 tidal cycle in Massachusetts Bay 3-D
Model  R. SigneH, 1998, pers. comm. and see

http: //woodshole.er.usgs.gov/project-pages/boston-
harbor/index. html!. The data were imported direct-
ly into an ArcView table and a surface grid file was
created using an interpolate surface function with
ArcView Spatial Analyst  ESRI, 1996!.

Shellfish  clams and other bivalves! are a valu-
able component of the harbor ecosystem and have
significant coininercial value. Regulations protect
productive shellfish areas and prohibit alteration or
destruction  T. Hoopes and D. Roach, pers. comm.,
DMF, 1998!. The ranking scheme identified 3 gen-
eral bathymetric areas  deep, mid-water, and inter-
tidal! and two types of sediment environinents
 depositional and erosional!. For purposes of this
Hlustration, the following assumptions were made.
AH intertidal areas were considered unsuitable for

disposal sites, as these are highly productive shell-
fish bed areas. AH erosional areas are moderately
 to depths of 6 ft! to highly suitable  >15 ft!.
Depositional areas were either unsuitable  to
depths of 6 ft! or slightly suitable  	5 ft!. Based
on data from the Division of Marine Fisheries

seven categories were created  T. Hoopes and D.
Roach, pers. comm., 1998!, but condensed to four
categories for purposes of this iHustration.

Figures 2a and b show the ranked layers for
ciurents and shellfish, respectively, based on expert
advice as discussed above. These cannot be

changed tmless the "experts" revise the data based
on new information. Through the use of a graphical
user interface  GUI! the public, stakeholders and
decision-makers can weight and combine the data
layers to visuaHy inspect what emerges as "suitable
sites" under diferent scenarios. AH of the weighting
controls were preprograinmed and put into simple
dialog boxes using the ArcViiew dialog Designer
extension. The user sees a slider bar for each data

layer with values of 1  low importance! to 10  high
iinportance!. Values of zero are allowed to remove
a data layer from consideration in the analysis. User
input is read by an ArcView Avenue script and,
with appropriate computations, a final suitability
grid is generated using a weighted geometric mean.

Figures 3a-c illustrates how suitable areas
change under thfference scenarios. If a higher
weight  8 of 10! is assigned to currents and a lower
weight of 3 is assigned to shellfish, the highly and
moderately highly suitable areas are primarily
those in the deeper basins and intertidal areas
 Figure 3a!. If equal weight is given to currents
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 a!

 a!

 c!

Figure 2, An example of the ranked layers for  a! currents and  b!
shellfish.

and shellfish beds, then the intertidal areas are less

suitable, but areas offshore are more suitable,

although the picture is more complicated and
reflects the importance of the complex shellfish
bed layer  Figure 3b!. If the weights were the
reverse of the first scenario with currents assigned
a weight of 3 and shellfish a value of 8, then the
deeper depositional areas emerge as highly suitable
and most other areas, including the main channels
with highest ctnrents are less suitable  Figure 3c!.
Adding additional layers generally has the effect of
fragmenting the study area into smaller regions.
Giving everything a high or low weighting  e.g. all
data layers a ten or a two! will result in all data
layers being equally considered. It is the relative
weights that are important. It should be noted that
this approach does not accommodate rate processes
or data that change over time.

Figure 3. This series of figures show change in suitability under
different scenarios. Darkest areas are most suitable.
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As a management tool, this approach has several
advantages over conventional methodologies.
~ It is inherently interactive and user-friendly.

The public and other stakeholders can access
complicated information and manipulate it to
understand the decision-making process.
Many alternative "what if' scenarios can be
examined in a short amount of time,

~ Decisions are based on solid scientific and

engineering foundations. The first step of this
methodology is to evaluate information using
expert scientific and engineering knowledge,
How the data layers were defined and who par-
ticipated in the process accompanies the
ranked data, so, the decision is transparent to
the user and available for all who participate at
any stage of the decision-making process.

~ The process includes a "universe" of informa-
tion; there is no a priori discar hng of sites.
Neither spatial constraints  e.g. size of area!
nor "not in my back yard"  NIMBY! enters
into the ranking process � the data are based
on biological, chemical or physical data pro-
vided by the experts.
This spatially-based approach fosters collabo-

rative consensus buil hng and facilitates a dialog
between the various stakeholders. Decision-makers

have the opportunity to examine consequences
based on decisions and have a basis for responding
to vague notions of what should or could happen.
Unlike revisions to environmental reports that may
take from several months to a year or more to
respond to public input  USACOE and Massport
1994; 1995!, the results are immediately available,
repeatable and can be revised on the basis of new
information. As spatial data become more avail-
able and computing power becomes faster and
more powerful, it is possible to generate informa-
tion immediately at the desktop computer. If new
information is available, it can be added quickly as
a new or revised data layer and analyses run again.
The public becomes an active participant through
the interactive component and can review out-
comes with different weighting choices. Those
empowered with making decisions may have
access to recorded responses and use these to eval-
uate the public sentiment of different options. As
new software is developed to make GIS more
accessible to the general user, data can be made
accessible through the web and responses recorded
as public comments.

CONCLUSIONS

This interactive GIS methodology is a visual
tool that allows the user to quickly view and under-
stand the underlying assumptions that any decision
is based upon. It aids consensus building and fos-
ters an interactive, adaptive management approach
with the potential for reaching decisions in less
time, with less cost, and with greater nuinbers of
participants. Although this example focuses on
dredged inaterial disposal siting, the approach can
be used to address other complicated decisions that
incorporate use of scientific and technical data in
an inherently political decision making process.
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ABSTRACT: Hart-Miller Island  HMP Dredged Material Containment FaciTity
 DMCF! is operated to contain dredged material from the Port of Baltimore and its
Chesapeake Bay approach channels. The facility operates under two primary missions:
to safely contain hydraulically placed dredged material ensuring quality effluent is
released to the receiving waters and to use crust management practices to maximize
storage volume. The island also provides nmnerous social benefits to the surrounding
communities.

Hart-Miller bland operates on a two-season approach. Dredged material is placed on
the island within the North Cell containment area, typically between October and
March and active dewatering of the dredged material occurs from April through
September. These seasons are commonly termed inflow and crust management,
respectively.

Crust Management is that portion of operation at HMI in which the maximum effort is
made to dewater and consolidate the dredged material. Numerous methods are
undertaken to create drainage paths for the dewatering of the material. The
management plan is broken into three parts. Phase I, soon after the sedunentation
pond is dewatered, a pontoon long-reach excavator begins tracking through the cell to
create drainage depressions in the freshly placed dredged material. And a perimeter
drainage ditch is dug to get eIHuent to the spillway smnps. Phase II, once a crust is
formed, low ground pressure equipment is utilized to form drainage paths for water to
exit the cell. And Phase IH, immediately before inflow begins again, all sumps and
perimeter trenches are backNled with dried material to facilitate easier excavation the
following year. At HMI, this cyde has been utilized since 1993.

Key words: trenching, water content, sump, bench, spiHway, Chesapeake Bay, MD

INTRODUCTION

FACILITY DESCRIPTION
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The Hart-Miller Island  HMP Dredged
Material Containment Facility  DMCF! is operated
to provide storage capacity for material dredged
&om the Port of Baltimore and its Chesapeake Bay
approach channels. The facility has two primary
tnissions: to safely contain dredged material ensur-
ing quality effluent is released to the receiving
waters and to use crust management practices to
maximize storage capacity.

Hart-Miller Island operates on a two-season
approach. Dredged material is placed on the
island within the North Cell containment area

between October and March. Active dewatering of
the dredged material occurs from April through
September. These seasons are commonly termed
inflow and crust management, respectively.

The Hart-Miller Island DMCF is situated in the

upper Chesapeake Bay approximately fourteen
miles due east of the Baltimore Harbor. Hart-Miller
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Island was once two separate islands, Hart Island
and Miller Island. These two islands, along with
another island, called Pleasure Island, were part of
a chain that extended in a northeasterly direction
from the end of the Patapsco River Neck.
Geological data indicates that these three islands
were once connected to each other and to the main-

land. These islands had been eroding at an ever
increasing rate each year due to shoreline erosion.
A dike now connects Hart Island and Miller Island.

Dike construction for the Hart-Miller Island
DMCF began in September, 1981, aud was corn-
pleted in 1984 and lies at an elevation of +18 feet
above incan low low water  MLLW!. This dike
was constructed with on-site sand deposits, con-
necting Hart Island with Miller Island. It extends
nearly six miles, encloses approxunately 1,140
acres, and was originally designed to hold 50 mil-
lion cubic yards  mcy! of dredged material. The
dike was constructed in an ovular shape in order to
maxiinize containment volume while minimizing
dike volume. It was also engineered to withstand
all probable physical forces imposed by the ele-
ments, while maintaining an economy of material
incorporated into the thke  Hamons, 1988!.

A cross-thke constructed in 1983 separates the
facility into two separate sub-containment cells; the
South Cell and the North Cell, The South Cell
encompasses roughly 300 acres while the North
Cell covers roughly 800 acres. A second tier dike
was constructed adjacent to the interior of the first
perimeter dike in 1988 to increase the capacity of
the facility to a total of 69 incy of internal volume.
The second tier dike was constructed from +18 to
+28 feet MLLW using sand dredged from the
Craighill Angle and Upper Range Channels during
the Port of Baltimore 50-Foot Deepening Project.

A third tier dike was added to the North Cell in
1996 raising the elevation to +44 feet MLLW and
increasing its capacity by 30 million cubic yards.
This dike was constructed with sand removed from
the +28 ft. to +10 ft. section of the closed South
CeH dike  Hamons et al., 1997!. Also, a perimeter
bench has been constructed within the North Cell
dike to facilitate equipment maneuvering during
crust management. This bench is constructed of
reclaimed dried dredged material and is raised
seasonally to exceed the anticipated final elevation
of the subsequent inflow season.

Dredged material inflow began at the Hart-
Miller Island DMCF in 1984. As of June, 2000 the
North Cell had received 62 mcy of dredged materi-
al and will continue to receive additional material
annually until the end of the project. South Ceu
inflow was completed in 1990. It is filled with
16.1 mcy of inaterial and no longer accepts
dredged material.

The Hart-Miller Island DMCF is designed to
accommodate the hydraulic unloading of dredged
material brought to the facility in scows. In this
Inanner, several inflow points are utilized along the
cross-thke to distribute the material throughout the
North Cell. The facility receives between 2.5 and
4.0 million cubic yards annually, forming a 2.0 to
5.0 ft. lift of dewatered material in the North Cell.

CRUST MANAGEMENT PLAN

Crust management plays an important role in
effective utilization of placement capacity at the
Hart-Miller Island Containment Facility, since the
material comes to the placement cell in a slurry.
The demand for maintenance dredging combined
with the limited placement capacity of HMI led to
the development and implementation of a crust
management plan to maxiinize placement capacity
for dredged sediments. The objective of the crust
management season is to regain the maximum
amount of volume occupied by water introduced
by both hydraulic placement and precipitation.
Post-inflow material conditions present a particu-
larly challenging dewatering situation due to the
physical properties of dredged sediments and the
amount of water introduced during hydraulic
placement.

Annual crust management has been practiced
at HMI since 1991. Each season has had varied

levels of success. The techniques presented here
reflect lessons learned while applying many of the
techniques developed at the U.S. Army Corps of
Engineers, Charleston and Mobile Districts  U.S.
Army Corps of Engineers, 1995!. Some additional
techniques have been tested to try new equipment
or alternative crust management methods in order
to better refine the plan for subsequent years.



WIKAR

SEDIMENT CBARACTERtSTtCS

The dredged sediments deposited on Hart-
Miller Island come from the 100 miles of shipping
channels into the Port of Baltimore that are main-

tained by annual dredging. These sediments are
primarily fine-grained erosional deposits, classified
as elastic silt with a specific gravity ranging from
2.63 to 2.67. With a unit density of 80 to 90 g/1,
the slurry is approximately 20% solids by volume.

Material property analysis shows that the void
ratio typically decreases by about 75% throughout
the crust management season. The water content
change represents a 35% to 85% decrease during
crust management. Dredged material placement
techniques used during the inflow season, create an
unequal distribution of inflow material throughout
the North Cell, limiting crust management efforts.
Many variables including water content of slurry,
inflow station, existing physical conditions of the
north cell, pond size, discharge operations and
weather conditions, aH play a significant role in
hydraulic placement and the distribution of inflow
material throughout the North Cell. It is the goal
of HMI operations to create an equal distribution
of inflow over the 75G acres of the North Cell to

maximize subsequent crust management efforts.
This is accomplished by utilizing several key oper-
ational tools including: alternating inflow stations,
alternating between or simultaneous use of spill-
ways, and adjusting the pond size.

CRUST MANAGEMENT OPERATf ONS

The crust management plan consists of three
phases. During the initial phase, the site is aggres-
sively dewatered through the establishment of
spillway sumps, shallow depressions and a perime-
ter trench. Once the material has dried and a crust

has begun to form, Phase II is implemented and the
interior trenching effort is maxiinized throughout
the entire cell. Phase II coincides with the warm,

dry weather of summer to provide the best drying
conditions. To properly prepare for the next inflow
season, Phase IH provides a transition period,
which includes filling in the perimeter trench and
sumps while continuing maximization of capacity
by reclaiming crust material. Since activities are
influenced by the timing of the inflow and the
weather, aH durations and start and end dates are

approximate.

Phase I begins immediately following the com-
pletion of the federal maintenance dredging project
inflow and lasts approximately from April 1st to
May 30th. During this phase, the ceH is aggres-
sively worked to facilitate the chainage of water,
utilizing a number of methods. Sumps are created
at the spiHways to allow solids to precipitate f'rom
the discharge waters and to allow the flow of water
to access the lowest point of discharge. Sand
material placed in the sumps at the conclusion of
the previous crust inanagement operations facilitate
the recreation of the sumps. These sumps act as
small sedimentation basins for the discharge effluent.

A perimeter trench is established around the
entire cell utilizing a long-reach excavator and two
conventional excavators. The perimeter trench is
the primary drainage path to each of the spiflways.
Excavated material along the perimeter trench is
side cast to dry and later spread and compacted
using two low ground pressure bulldozers to widen
and raise the working bench. As conditions permit,
the perimeter trench is established along the
periineter bench. At the onset of crust manage-
ment the material will only be able to support a
small swale, but as the material solidifies, the

periineter trench area will gradually strengthen and
aHow deeper excavation. The trench will eventually
be enlarged and migrate inward as additional pass-
es with excavators continues, The perimeter trench
is established in areas that will not compromise
flow to each of the spiHways. An amphibious
long-reach excavator is utilized to create shaHow
depressions by walhng in the interior of the north
ceH facilitating the flow of trapped water to the
perimeter trench.

As a result of being able to remove surface
water early in Phase I, cell conditions improve,
expediting the transition into Phase H. During the
early stages of the crust management season, an
ainphibious  pontoon! excavator is the only single
piece of equipment at HMI that can effectively tra-
verse the cell surface while leaving depressions in
the slurry-like dredged material. Trenches are
established at approximately 20G feet on-center at a
45-degree angle from the perimeter dike. This her-
ringbone-pattern system continues from the cross
dike down cell toward the spiHway structures.

The interior trenching effort during this phase
is limited due to material conditions in the cell.

Almost aH of the interior trenching effort during
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this phase is focused in the area near the cross dike
where material conditions will allow formation of

trenches. A pontoon trencher is used to establish
the interior trenches. This very low ground pres-
sure tractor tows a rotary ditching device that cuts
a 12 - 18 in. trench in the material. These trenches

quickly fill with pore water that is carried of'f to the
perimeter, and the side cast cuttings dry on the sur-
face nearby.

During Phase H, the primary focus is on interior
trenching, which accelerates rain water run-off and
drying of the material through the removal of
trapped water. The expected duration varies based
on the anticipated start date of the subsequent
inflow season. Generally, Phase II runs from June
1 to September 15. Some overlapping of Phase I
and Phase II does occur, specifically, the perimeter
trench is widened and deepened with additional
passes by excavators. Areas of soft material may
slough into the trench, requiring additional excava-
tion. AH sediment excavated from the perimeter
trench is placed along the bench and interior slope
of the perimeter dike. Once the material has suffi-
ciently dried, it is compacted in lifts for bench
bulling.

An amphibious long-reach excavator continues
to create depression by walking across the interior
of the North Cell at 45 degree angles to the
perimeter dike. The wide, shallow depressions are
important in Phase II for two reasons. First, the
depressions draw in and expose surface water to
evaporation and second, the weight of the excava-
tor assists in coinpacting the material by approxi-
mately 0.5 feet.

If time permits before the subsequent Federal
Maintenance Dredging inflow project begins again,
interior trenches are created on a herringbone pat-
tern within the cell. After allowing a thin crust to
develop over the surface of the ceH, interior trench-
ing can begin. The amphibious trencher will begin
trenching as conditions aHow near the cross dike,
then work to the north, The primary purpose of
these interior trenches is to allow rainwater

drainage and to accelerate the drying process.
Trenches are established 200 feet on-center at a 45-

degree angle from the perimeter dike. This system
parallels the depressions previously created by the
ainphibious excavator. If the trenching system
cannot be executed in certain areas, then trenches
are established at shorter intervals in areas that can

support trenches, Areas with trapped surface water
will be trenched first in order to drain water off the

surface and enhance the drying process. A second
aluminum pontoon trencher has been procured to
perform trenching as more of the ceH inaterial has
the ability to hold a trench. Favorable weather
conditions towards the end of Phase II will allow

trenches to be established up to every 50 feet to
accelerate drying and desiccation of the dredged
material.

During the dry summer months an amphibious
long-reach excavator, long reach excavator, and
low ground pressure bulldozers are utilized to
scrape crust material along the perimeter of the
North Cell to reconfigure and enlarge the operating
bench. In recent seasons, up to 250,000 cubic
yards of material has been winrowed, moved to the
bench area, and either spread for bench building or
used for trench backfilling in Phase III, This
scraping has a secondary benefit in that it allows
atmospheric drying to penetrate deeper into the
dredged material within the cell, AH of the various
crust manageinent techniques regularly implemented
at the Hart-Miller Island DMCF are shown in the

Applied Crust Management Techniques.
Some experiinental methods have also been

attempted recently to expedite drying and consoli-
dation of the dredged material to increase volume.
~ Sourgum and barley were planted at various

areas throughout the North Cell dredged
material. This was initiated to improve evapo-
transpiration by vegetative uptake  Mieghem et
al., 1997!. Although no significant decrease in
elevation was detected by survey methods, the
barley planted later in the season grew very
well.

~ A sheepsfoot roller was utilized to compact
those areas of the ceH where crust scraping had
exposed and somewhat loosened underlayers.
The system included an 8-foot wide sheepsfoot
roller towed by a rubber-tired amphibious trac-
tor. Due to rate of travel and area covered the

technique proved too costly to be very effcient.
Phase III lasts 15 to 30 days iinmediately prior

to the start of inflow operations. To take full
advantage of the crust management effort, the site
should be properly prepared for the next dredging
season while continuing crust reclamation to maxi-
mize available interior volume. By preparing the
site suitably, the time required to begin trenching
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and working the material during the subsequent
crust management season is reduced significantly.

The perimeter trench is filled in to an elevation
that is even with the interior of the cell. Material

scraped from the inside of the cell is used to par-
tially fill in the perimeter trench, which will remain
until the end of this phase to allow rain water run-
off. A low ground pressure dozer that is capable of
moving onto the crust of the ceil and scraping off
the material and the amphibious long-reach exca-
vator may be used to fill in the perimeter trench.
The perimeter bench that was built up during Phase
II is graded and used for the next years crust man-
agement season.

Interior trenching efforts will continue as long
as a gain to dewatering and consolidation are
achieved. With only 2 to 3 weeks left before
inflow, typically the additional trenches do not add
to the consolidation of the material, although they
do prove beneficial if heavy rains occur. Sumps
created at the spillways in Phase I are filled in
using sand material recovered from areas along the
cross-dike. Sand material placed in the suinps dur-
ing this phase will facilitate the re-creation of
sumps the following year.

These three phases are undertaken annually
with up to 12 staff and 10 pieces of equipment.
There have been anomalous years where longer or
shorter crust management seasons are required. An
annual crust management review performed by
Hart-Miller Island staff members documents the

resources expended in performing the work in con-
trast to the elevation decrease of the cell shown

through bi-monthly topographic surveys and geo-
technical analyses.

S~Rv

The high demand for placement capacity at
Hart-Miller led to the development and implemen-
tation of a crust management plan to maximize
placement capacity for dredged secbments. The
primary goal of' the crust management season is to
regain the maximum amount of voluine occupied
by water introduced by both hydraulic placement
and precipitation. The crust management season
may face many obstacles and adverse conditions
which may limit the annual measure of success.
Some of these conditions include..

~ The total lift depth of inflow placed during the
inflow season,

~ Uneven distribution of dredged material placed
during the inflow season,

~ The weather, which may be the single greatest
factor to a successful program.

The crust management seasonal review confirms
the importance of the following factors in achiev-
ing successful seasonal crust management.
~ Implementation of an aggressive crust rnanage-

ment plan,
~ Limited inflow quantities and times,
~ Use of experimental crust management

techniques,
~ Favorable weather conditions, and

~ Extended crust management window.
The use of a formulated plan to manage the

dredged material once deposited within HMI-
DMCF, achieves the greatest volume reduction and
maximizes the storage capacity. In this manner,
the large quantities of make-up water introduced
from the hydraulic unloading process along with
seasonal rain events can be quickly and efficientl
decanted to allow optimum drying. New and inno-
vative techniques are continually being considered,
attempted, and where practicable, implemented to
improve the process. At the Hart-Miller Island
DMCF, crust management operations promote the
desiccation and consolidation of fine-grained
dredged material in the shortest time period possi-
ble. In any given year, up to 70% of the inflow
volume may be removed in effluent discharge,
evaporation, and consolidation of underlying lay-
ers. Optimization of limited storage capacity at the
HMI-DMCF through successful crust management
efforts increases available storage capacity, conse-
quently maximizing the Maryland Port
Administration's  MPA! investment in the facility
while reducing the burden on other dredged materi-
al placement sites within the Chesapeake Bay.
Benefits from efficient utilization of Hart-Miller

Island, Dredged Material Containment Facility
extend from the MPA and the Port of Baltimore to

ail citizens of Maryland and patrons of the
Chesapeake Bay.
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ABSTRACT: The Clareniont Channel Deepening project is a partnership between the
State of New Jersey, the City of Jersey City, Hugo Neu Schnitzer East  HNSE!,
Consolidated Technologies Inc.  CTI! and Liberty National Development Corporation.
The existing Clareinont Channel is of insufficient depth and width to support operations
safely. Although the Claremont Channel is State owned, the funds allocated for the
maintenance were expended on another dredging project, the Port Jersey Project,
which exceeded the budgeted ainount. Hart Crowser, Inc. was instrumental in forming

a public private partnership to provide funding. The project encompasses:
~ major site improvtsnents in the Hugo Neu Schnitzer East metal scrap pxecessing

facility on the Claremont Channel in Jersey City, NJ;
~ the dredging of 125 niillion cubic yards from the Channel to incream the

depth from the current 26 feet to 32 feet  plus 2 ft overdredge!;
~ the construction of a multi-project dredged material processing facility to

serve NY-NJ Harbor;
~ the use of an innovative mixture of dredged material with PROPAT, a recycled

product manufactured by HNSE, for the bulk fill and grading of a new golf
course at Port Liberte, a residential development adjacent to the Channel;

~ the use of amended dredged material for capping and grading additional acres
of the golf course;

~ filling portions of an abandoned mine in Pennsylvania with mnended dredged
material;

~ the use of dredgetl material to construct an intertidal habitat at the head of the
channel; and

~ disposal at the Newark Bay Confined Disposal Facility.

The estimated cost of this project is approximately $52 million. Hugo Neu Schnitzer
East's contribution will be $30.5 million, or 60/o of the total cost. Dredging and
beneficial use have an estimated cost of approximately $40 million or $32 per cubic
yartL It is proposed that the State of New Jersey provide the balance in a combination
of funds and access to other disposal options, such as the CDF in Newark Bay.

Key words: sediment processing, CDF, capping, beitehcial usc, Newark Bay, NJ

BACKGROUND 26 ft in depth with shoals of lesser depth. Currently,
vessels must back down the channel and into the

scrap-loading berth. This is a safety concern to the
pilots and shippers. The limited depth also requires
expensive "topping off" at a second facility.

The upgrading of the Claremont Channel for
improved traffic through dredging is critical to the
future financial viability of HNSE atid the preser-
vation of 125 direct jobs and over 4,000 jobs

The Claremont Channel is owned by the State
of New Jersey. The channel is 10,000 ft long and
200 ft wide without a turning basin aud averages

Corresponding author, telephone: 203-458-0192;
fax: 203-458-0150; email: johnh@cshore,corn

Current address: Henningson Environmental Services,
77 Chimney Corner Circle, Guilford, CT 06437

Claremont Channel Deepening: A Public Private Partnership Success Story
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indirectly related to this business, such as vendor
services, parts suppliers and professional services.

The trend among overseas customers is
towards the use of vessels drawing between 35 and
45 feet of water. The current nominal depth of the
channel is 28 ft at low water; many areas have a
shallower depth due to silt. This lack of water
access is not only a hindrance to HNSE, but also a
real impeachment to developing a multi-user facility.

Efforts to federalize the Channel have been

thwarted by the contaminated nature of the sedi-
ment and closure of the Mud Dump open water
disposal facility for NY Harbor to all but Class I
 clean! material as a cap. In order for the project to
proceed innovative measures to dispose or use the
material beneficially were required. This is being
accomplished through several demonstration proj-
ects funded in part by the State of New Jersey.

Further, safe access to the terminal requires a
wider and deeper channel. The required dredged
prism would result in an itnproved channel 200-
300 ft wide and 34 ft deep, and add a turning basin
at the midpoint. This basin is needed to improve
safety by allowing ships to turn before loading, and
to exit the channel moving forward. The volume of
material to be dredged would be approximately
1.25 million cy. The cost of dredging is estimated
at $5 million,

State transportation funds allocated to deepen
and widen the channel were expended on another
dredging project, the Port Jersey Project, which
exceeded the budgeted amount. Hart Crowser, Inc.
was instrumental in forming a public private part-
nership to provide funding. The project is currently
underway, with the processing facility treating sed-
iment, which is being shipped to close abandoned
mines in Pennsylvania  Hugo Neu Schnitzer Inc.
1999!.

Dredging will occur within allowable dredging
windows of June 1 to January 1 in 2000 and 2001.
An environmental bucket dredge will do dredging.
The dredged material will be placed in barges and
unloaded and/or treated at the onshore processing
facility. A key consideration will be the screening
of scrap metal and other debris.
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Consolidated Technologies, Inc.  CTI!, a sub-
sidiary of US Plastic Lumber, has completed con-
struction and startup testing of a 4,000 cy per day
facility to process dredged material from the
Harbor. The facility is currently processing material
from Reaches C and D of the Port Newark Channel

in Newark Bay. This project has a high priority in
the harbor which serves as a major international
container ship facility.

The CTI processing facility is designed to be
flexible enough to address sediment types and con-
taminant levels from multiple dredging sites and
process material for different upland beneficial
uses including capping brownfields and abandoned
mines. The facility consists of the following
components.

Unloading facility,
~ Screening / receiving hopper,
~ Automated weighing conveyor belt,
~ Side stream conveyor for PROPAT or other

soil like additives,

~ Additive hoppers and pugnuu,
~ Stack loader,
~ Automated control center.

The process screens out metal and debris down
to a 2 in size. Raking will remove most of the very
large debris before manual unloading, Further, care
will be taken during manual unloading of the barge
to leave behind any remaining very large debris.
The feed hopper and conveyor belts are automated
to allow weighing of raw sediment material and
calculation of appropriate ainounts of additives
from side conveyors and hoppers for the intended
use. The facility is located adjacent to an active rail
spur and the NJ Turnpike, facilitating interinodal
transfer of finished materials.

Dispose / BENEFtcrItr. UsE

The dredged material will be used in several
different ways.
~ PROPAT Demonstration

~ Brownfield Capping
~ Pennsylvania Mine Capping Deinonstration
~ Intertidal Habitat Creation

~ Newark Bay Confined Disposal Facility
These are described in the sections that follow.
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PROPANE' DEMoNsTRATIoN

Approximately 150,000 cy of dredged material
will be mixed with PROPAT as a demon-stration

project. PROPAT is a trademarked product man-
ufactured by Hugo Neu Schnitzer East from recy-
cled non-metallic interior materials from automo-

biles. PROPAT has been approved as alternative
daily landfill cover in several states and was
approved in New Jersey as a cushioning material
above a landfill liner in Pennsauken. Given its

soil-like properties, PROPAT will serve as an
effective dehydrating agent for the dredged materi-
al, which has an in-situ water content of 60-70%,

PROPAT 's fiber content will also improve the
strength of the admixture which will include lime
kiln dust, fly ash and other pozzolanic materials.

PROPAT 's suitability for the proposed use as
an additive, its field practicality and its cost effec-
tiveness are being demonstrated in order to obtain
a long term Acceptable Use Determination from
the New Jersey Department of Environmental
Protection. A demonstration program funded by to
the New Jersey Department of Transportation,
Maritime Resources consisting of bench scale, and
pilot scale tests has been completed. A full-scale
demonstration of 100-150,000 cy is scheduled for
2000  Hart Crowser, Inc. 2000a!.

The physical and chemical properties of the
PROPAT /dredged material mixture have been
obtained through bench-scale laboratory tests and
pilot tests. Testing methods included:
~ Compaction  one point proctor!  ASTM D

1557!,
~ Compression  ASTM D 2850!,
~ Permeability  ASTM D 5084!,
~ Specific gravity  ASTM D 854!,
~ Leachability  MEP EPA 1320 as modified by

NJDEP and ANSI 16.1.

The bench scale testing has indicated that the
material would meet the following criteria:
~ Compressive strength ! 2,000 pounds per

square foot,
~ Bulk density > 85 pounds per cubic foot,
~ Non-leaching above NJDEP GWQS.

In addition, a demonstration of the conditioned
material's capabilities in the field has been accom-
plished through a 400 cy pilot-scale demonstration,
utilizing full-size processing and earth-moving

equipment. The processed material was disked,
rolled and compacted using standard construction
equipment. After curing, the material was tested in
the lab by using plug samples collected from the
test cell. Initial results indicate that the material

met requirements for strength, permeability and
field applicability  Hart Crowser, Inc. 2000b!.

The final, full-scale demonstration has been
designed and will be implemented based on the
results of the pilot tests. It is envisioned that its
implementation would involve the following:
extracting the dredged material; processing it with
PROPAT; trucking it to Port Liberte; and placing
in bulk as fiII/grading material. The estimated cost
of using the dredged material to cap contaminated
soil areas and develop a golf course is $18 million
 $30 per cy! for processing the dredged material,
including capping and grading. Of this total cost,
$5 million would be associated with the PROPAT

demonstration.

BROWNFIELD CAPPING

The proposed use for the bulk of the dredged
material �00,000 cy! will be as capping and grad-
ing material for a golf course at the nearby 100+
acre Port Liberte site, immediately to the north of
Claremont Channel. The majority of the site, for-
merly known as US Department of Defense Supply
Depot One, functioned as a petroleum storage
facility. The retnainder of the site consists of com-
mercial and industrial uses and a former paint man-
ufacturmg facility to be remediated. The site is
being redeveloped as a mixed residential and golf
course use by Liberty National Development
Corporation.

The developer's Remedial Action Work Plan
requires capping contaminated soil areas with a
low permeability cover to reduce infiltration. A
golf course would then be built on top. The New
Jersey Department of Commerce, Maritime
Resources, has suggested using the dredged materi-
als from the Clarernont Channel as cover for the

golf course. The dredged material would be used
for two different purposes: to cap contaminated
areas and as fill for grading. Both uses will require
processing the material to reduce the free water
content, to stabilize contaminants, and to obtain a
density appropriate to the use. Some of the material
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will be mixed with additives routinely used to
ainend dredged materials for upland placement. By
adjusting the mixture, the dredged material can be
made suitable for use as capping material or simply
be used as fill for grading.

PENNs YLvANIA MINE CAPPING DEMoNsTRATIoN

Consolidated Technologies, Inc.  CTI! is
undertaking a 500,000 cubic yard beneficial use
project to demonstrate the use of dredged material
for reclamation of abandoned mines for the
Commonwealth of Pennsylvania. Pennsylvania is
confronted with severe environmental problems
related to over 250,000 acres of unreclaimed mine
lands. Acid mine drainage and fall hazards from
exposed highwalls are among the many concerns.

CTI will take 150,000 cy of the inaterial from
the Claremont Channel as part of their beneficial
use project at a cost of $6.75 million or $45 per cy.
This cost should be substantially reduced in full-
scale reclamation because of economy of scale and
offsets from closure reimbursement funds. The sed-
iment will be processed at the Hugo Neu site using
proprietary techniques developed by CTI for creating
manufactured structural fill for remediation and
reclamation of abandoned strip mines. It will then
be shipped to the demonstration site in western
Pennsylvania via rail and placed in the mine
 O'Donnell and Henningson 1999!.

INTERTIDAI. HAErrAT CREATioN

The proposed creation of an intertidal habitat
will be the final step in the program. Permitting
such an in-water use will take more time than the
other beneficial use activities. It is proposed that
100,000 cy of the dredged material can be placed
in a proposed intertidal habitat that will extend the
existing shoreline at the West end of the Claremont
Channel. This area is a gently sloping beach com-
posed of silty sand and of high water marshes with
spartina and phragmites flanking a storm drainage
ditch. The adjacent upland is shrub growth consist-
ing of pioneer tree species. The area is currently
used by a variety of waterfowl and shorebirds.

It is reported that nearby benthic habitat is
poor, due to the organic and pathogen content of
periodic sanitary discharges from the 54 in Richard

Street combined sewer outfall  CSO!, CSO dis-
charges are made into very shallow water, due to
the location of its invert elevation above mean low
water, and also include unsightly and unsanitary
floatable matter.

The proposed intertidal habitat will be filled
with the dredged material to mean low water level
 MLW!, and will be capped with 2-3 feet of site
sand, clean fill, or stabilized material. The inter-
tidal habitat will be contained by a natural berm,
preferable to a bulkhead for esthetic and habitat
reasons, The berm's face will be stabilized with
concrete rubble riprap, recycled from the replace-
ment of an existing pier on the HNSE site, This
artificial reef will provide cover for young fish and
benthic food chain organisms.

The proposed design includes extending the
Richard Street CSO to a deeper part of the channel
to improve inixing, dilution and flushing of dis-
charges. The City of Jersey City plans to construct
a structure to contain floatables under a separate
program. The cost of this habitat improvement is
estimated at $4.5 million,  $30 per cy! including
CSO upgrades.

NEwARK BAY Coram> DisPosAI. FAciLrrY

The balance of the dredged material, 150,000 cy,
will be placed in the subaqueous Newark Bay
Confined Disposal Facility  NBCDF! at a cost of
$4.5 million  $30 per cy!. This 26-acre, 70 ft deep
facility was built as a disposal site for dredged
material from the New York/New Jersey Harbor
that is not suitable for ocean disposal. The material
from Claremont Channel will be part of the 1.5
million cy of harbor sediments that the facility is
designed to hold.

Material from the Claremont channel will be
taken to the NBCDF in scows. At the facility, the
dredged material wiII be placed via bottom dump-
ing or lowering a closed environmental bucket
through the water. Once the NBCDF has been
Killed to design capacity, it will be capped with
three feet of clean sand.

SIImiARY

The Claremont Channel improvement project
is a successful example of how a public- private
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partnership may address the increased challenges
of managing contaminated navigation dredge mate-
rial. Several new management techniques resulting
in beneficial use are being demonstrated. The costs
 $32 per cy! are competitive with other projects
requiring the upland or confined disposal of
dredged material and less than previous projects in
NY Harbor.
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cerrusite  PbCO>, -log Kzp 13.13! indicates the
large reductions in heavy metal solubility that are
possible  Allison 1990!. Further details on this can
be found in Crannell et al. �000! and Eighmy et
al. �997!.

Reactive barriers are capping materials that
actively precipitate contaminants as they diffuse
from contaminated sediment, rather than passively
slowing the migration. The use of insoluble phos-
phates as a reactive barrier offers the possibility of
reducing the amount of phosphate required to sta-
bilize heavy inetals in sediment. The effectiveness
of a phosphate bamer depends on its ability to
immobilize heavy metals froin the pore solution
onto the surface of the insoluble phosphate by
adsorption and surface precipitation. Continuous
diffusion and subsequent precipitation within the
reactive barrier also fills in the pore spaces around
the phosphate materials, reducing permeability, and
further inhibiting diffusion.

The primary goal of this research is to aid in
the transfer of a proven treatment technology from
terrestrial to contaminated sediment systems. This
could provide another chenucal stabilization tech-
nique that may be used alone, or in conjunction
with, other remediation efforts to provide a tool for
safely and permanently disposing of heavy metal-
contaminated sediments. The specific goals of the
research are to: optimize a phosphate stabilization
treatment procedure, determine the cheinical mech-
anisms by which phosphate stabilization takes
place, and explore the use of insoluble phosphates
as a reactive barrier to inhibit the diffusion of

heavy metals in sediment containment structures.

Three contaminated sediments were selected

for the experunents because of their high heavy
metals concentrations. These were taken from the

Newtown Creek, in New York City, New York, the
Providence Harbor, in Providence, Rhode Island,

and the Cocheco River in Dover, New Hampshire.
Lead concentrations in these sediments ranged
from 636 ppm in the Newtown Creek sediment to
106 ppm in the Cocheco River. Elevated metal con-
centrations also existed for Zn, Cu, Cr, Cu, and Ni,

Treatment optimization took place using a par-
tial factorial design to determine optimal phosphate

source, phosphate concentration, and treatment pH.
Sources for phosphate included apatite minerals
from Florida and Idaho as well as 60% phosphoric
acid  H3PO4!. X-ray powder diffraction  XRPD!
analysis of these materials indicated the primary
phosphate mineral to be Ca5 PO4�F in both of the
solids. Elemental analysis of the phosphate
sources was conducted using neutron activation
analysis  NAA! and x-ray fluorescence  XRF!; it
indicated the Florida sample contained higher
phosphate concentrations and lower trace contami-
nant concentrations and was therefore a preferable
phosphate source.

The optimized treatment formulation deter-
mined from the partial factorial design consisted of
a 10% phosphate addition using Florida apatite, a
reaction time of 2 hours under constant mixing in a
Hobart mixer at pH 6 with a liquid to solid ratio of
1 to 1. Final pH was adjusted to 8 with lime and
allowed to react for at least two weeks prior to
final analysis.

Multiple analytical techniques were used to
understand the immobilization / stabilization mech-

anisms and reaction products formed during treat-
ment. Bulk sample crystalline mineralogy was
determined by x-ray powder diffraction  XRPD!
and confirined by x-ray photoelectron spectroscopy
 XPS! for detection of more amorphous species.
Static and magic angle spinning  MAS! nuclear
magnetic resonance  NMR! spectroscopies were
used to determine the types of phosphate species
and minerals present in the treated sediments.
Metal solubility, as affected by treatment, was
assessed through three different leaching tests
including total availability leaching, pH-dependent
leaching, and the toxicity characterization leaching
protocol  TCLP!. All of the above techniques are
described at length in  Crannell et al., 2000;
Eighmy et al., 1998; Eighmy et ai., 1997!.

A reactive barrier study was also conducted to
determine the effectiveness of apatite nnnerals to
inhibit the diffusion of heavy metals from contami-
nated sediments. This was conducted in two parts,
at the University of New Hampshire  UNH! and
Louisiana State University  LSU!. Experiments
conducted at UNH included a tube experiment
monitoring the diffusion of lead. These samples
were frozen, sectioned into wafers, acid digested,
and analyzed by inductively coupled plasma  ICP!



pH-dependent leachingt TCLP leaching2

Treated Percent
 PPrn! Reducdont

Treated Percmt
 ppm! Reductions

Untreated
 pp !

E emend
 ppm!

< 0.04 BDLPb 0.017 0.003 79 % Pb < 0.04

Cd 0,2 0.071 57 % Cd 0.11 <0.02 ! 78%

6.7 -36 %

0.09 -8 %

Zn 7.4

Cr 0.013

31 50%

0.013 -20 %

Zn 5.9

Cr 0.1

Cu 0.017 < 0.04 BDL

< 0.02 BDL

0,019 -34 % Cu 0.04

Ag < 0.02

< 0.2 BDLAs <02

025 3%Ba 0.31

< 0.15 BDLHg <02

< 0.1 BDLSe <01

spectroscopy to produce the diffusion profiles.
Diffusion experiments were also conducted at the
Center for Advanced Microstructures and Devices

 CAMD! facility located near the LSU campus,
Synchrotron x-ray microtomography  SXM! was
used to monitor the diffusion of Cr, Cu, Pb, and Zn
through both reactive and clean bamers in a non-
destructive sampling technique. Calculations of
apparent diffusion coefficients were made to com-
pare the relative effectiveness of each barrier mate-
rial. Further information on this procedure can be
found in van der Sloot �987!,

The treatment effectively reduced the solubility
of lead, cadinium, and zinc in Newtown creek sedi-

ment as measured by pH-dependent leaching  see
Table 1!. At the same time treatment increased the
solubility of chromium and copper in this sediment
 Table 1!. Different formulations during the pre-
liminary optimization experiments did successfully
reduce the solubility of chronuum and copper,
which points to the possibility that different forrnu-
lations are reqmred to treat different types of metal
containination. TCLP analysis, also presented in
Table 1, demonstrated a reduction in the solubility

Table 1. Reduction in heavy raetal solubility due to treatment as
measure by pH-dependent leaching and toxicity characterization
leaching protocol  TCLP! tests.

Leachiag conducted at an L; S 10:1, pHW.O, Eh = 0.0, for 24 h with
detotuzed Hzo,

z Leaching conducted according to EPA method 1311.
3 Calculation for % reduction includes a 20% dilutioa factor to
account for phosphate added.
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of Cd and Ba, At the same time treatment slightly
increased the solubility of Cr and Zn. Because of
detection liinits, the changes in solubility for As,
Pb, Se, Hg, and Cu could not be assessed during
the TCLP test.

Many heavy metal phosphate minerals were
observed in the treated sediinents using XRPD, and
are summarized for all three contaminated sedi-

ments in Table 2. Highly insoluble lead and cad-
miurn apatite mineral phases were observed,
However, only tertiary metal phosphate phases and
their accompanying solid solutions were observed
for copper and zinc, This may partially explain the
less effective treatment results for these elements.

Ten-day amphipod testing was conducted on
both Providence Harbor and clean sediments

before and after treatment  Table 3!. Results of the
testing indicated that the treatment had no adverse
effect on amphipod survival in the clean sediments.
However, the treatment did not statistically
increase arnphipod survival in the Providence

Table 2. X-tay powder diffraction anaiysis of phosphate minerals
present in treated sediments.

Table 3, Results of the 10-day amphipod leaching tests conducted on
clean and contaminated sediments.
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Figme 1: Diffusion of lead through reactive and non-reactive
materials.

Harbor sediment. The failure to improve amphi-
pod survival in Providence Harbor sediment is
understandable, as it has multiple contaminants,
including organic compounds, which would not be
remediated by this technology,

Concentration profiles for the  hffusion of lead
through both a reactive synthetic apatite  Ca5 PO4�F!
and non-reactive barrier  clean sediment! material
are shown in Figure 1. The effective diffusion
coefficient decreased from 4,5xlo 13 m2/s for a
non-reactive barrier to 3,9xlo 4 m /s for the reac-
tive phosphate barrier, XRPD analysis of the inter-
face between these two materials indicated the

formation of hydroxypyromorphite  Pb5 PO4�OH!,
which would explain the observed reduction in
lead diffusion.

The use of phosphates to stabilize heavy metal-
contannnated sediments can be an effective and

viable treatment technology. Analysis has shown
that treatment effectively reduces the solubility of
lead, cadmium, and zinc. Copper and chromium
solubility increased due to treatment in the main
treatment study. Other treatment formulations cre-
ated in the preliminary studies were effective at
reducing the solubility of these inetals, The pri-
mary mechanism by which these observed reduc-
tions in solubility occurred is the forination of
highly insoluble metal apatite minerals. Phosphates
may also be an effective reactive barrier to inhibit
the diffusion of heavy metals from disposal sites.
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Use of Dynamic Penetrometers to Determine Fluid Mud Properties
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ABSTRACT: During early capping operations at the Boston Harbor Confined Aquatic
Disposal Project, layers of fluidized mud and suspended sediments were found on the
cap sand at some locations. At issue are the physical and mechanical properties of these
sediments as well as the thickness of the individual mud layers. These data are needed
to assist in determining how much, if any, disposal xnaterial is transported into the water
column due to the passage of ships.

A technology that shows potential for addressing these problems is the Free Fall Cone
Penetrometer  FFCP! concept A cone penetrometer  CPT! trailing a data/recovery
wire falls freely through the water column, impacts the bottom and penetrates the
sediment. Variations in sediment grain size, shear strength, stress and dynamic stiffness
are reflected in the deceleration history recorded by the sensor package in the FFCP.
The sediment pore pressure response during the penetration of the probe into the
bottoxn provides an independent measure of shear strength and permits sediment
classification in a quantitative manner. An Optical Backscatter Sensor  OBS! provides
data about the amount of sediment suspended in the water column and is useful for
determining the boundaries of fluff or mud layers. Bulk sedjtment properties such as the
void ratio, porosity, water content and density can be inferred from the results when the
sediment coxnposition is known. Aftex the CPT has stopped, it is retrieved and deployed
again.

A FFCP has been beta tested at the U.S. Army Engineer Research and Development
Center {ERDC! in Vicksburg, MS. The experiments examined the response of the FFCP
when dropped into sand and sediment with known physical properties. This paper
describes the FFCP concept and presents some initial results from the demonstration.

Key words: CPT, cone penetrometer, sediment, capping
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The U,S. Army Corps of Engineers  Corps! is
tasked with keeping the nation's ports and water-
ways clear for shipping. This responsibility
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requires the dredging and disposal of vast amounts
of sediments. A small fraction of these sediments

contains hazardous materials, and Confined
Aquatic Disposal  CAD! provides a way of safely
and economically disposing of them. Only a lim-
ited number of CAD projects have been completed
throughout the country; thus there are still some
physical and mechanical processes that are not
very well understood  e g. consolidation rates, sed-
iment resuspension!, A relatively new tool known
as the dynamic or "Free-Fall" Cone Penetrometer
Test  FFCPT! has the potential to help understand
these processes. Essentially, a large cone pen-
etrometer is allowed to fall through the water col-
umn into the underlying sediment. The basis for
the FFCPT is that the rate of deceleration of the

penetrometer and the dynamic pore pressure
response of the sediment around the penetrometer
can be used to calculate the undrained shear

strength  o�! in fine-grained sediment. A process
of acceleration double integration and inversion in
the time domain is used to create profiles of a�as
well as other geotechnical properties, as a function
of depth. In September 2000, Mr. Harold
Christian of Christian Situ Geosciences brought a
prototype free fall cone penetrometer  FFCP! from
Brooke Ocean Technology, Ltd. for a series of
demonstration tests at the Corps' Coastal and
Hydraulics Laboratory  CHL! in Vicksburg, MS,
This paper presents some initial results from those
tests, and discusses them in the context of moni-

toring CAD projects.

EQUIPMENT AND DATA INTERPRETATION
METHODS

FREE FALL CONE PENETROMETER

The Free Fall Cone Penetrometer  FFCP!
package consists of an onboard microprocessor-
based control and sampling system, optical
backscatter sensor  OBS!, two accelerometers � g
and 20 g range!, cone pressure sensor and water
column pressure sensor. The control system and
sensors are enclosed in a steel pressure housing
with a stainless steel cone tip having a 60 degree
included tip angle. The penetrometer measuies 85 cm
in length and 11.4 cm in diameter with a nominal

weight of 20 kg underwater, though additional bal-
last can be added.

Deployment of the FFCP involves attaching a
recovery tether to the tail of the instrument and
then allowing it to free fall to the bottom.
Penetration depends on the sediment type, varying
from a few centimeters in sands to 1 meter or more

in soft sediments. Initial sampling and data logging
are at 1 Hz until the 500 Hz sampling mode is trig-
gered by the controller at a preset depth. High
speed sampling continues until the memory is fuII,
which takes several seconds. Current practice is to
recover the FFCP and download the data after each

test, though several tests can be performed before
the onboard memory is filled. Future configura-
tions will include near real-time data collection.

In conventional CPT, testing the rate of pene-
tration has little effect on pore pressure response in
soft, normally consolidated clays and silts, which
supports the results of FFCPT testing to date,
Consequently, it is feasible to interpret FFCPT
data in a manner similar to standard CPT methods

that give reasonable estimates of undrained shear
strength and sediment layering. Two independent
techniques are used to obtain shear strength data,
which appear to be much more reliable than any
other geotechnical measurement technique used in
very soft to soft sediments, The dynamic penetra-
tion resistance  Q ! is obtained directly from the
deceleration response of the FFCPT, which is con-
trolled by the undrained shear behaviour of the
sediment. The dynamic pore pressure  Ud! is a
direct physical measured response of the sediment
to rapid penetration, governed by its strength and
stiffness behavior, Conventional CPT theory is
used to relate Qd and Ud to the undrained shear
strength  su! using the following expression

 Qd � o�, !  Ud � U, !
0�=

N» NAu

The total vertical stress is denoted by ayp and Up
denotes the hydrostatic pressure at the pore pres-
sure transducer depth. Nk and N>�are cone corre-
lation factors a� from penetration resistance and
pore pressure response, respectively.

Additionally, the dynamic pore pressure
parameter  B ! and the normalized dynainic pene-
tration resistance  Q !, obtained using
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 Ud � U,! and ~  Qd � o ! �!
� � o�! o

 where a ' denotes the effective vertical stress!
are useful for sediment classification. Conventional
CPT-based classification charts are available for

evaluating the sediment Soil Behavior Type  SBT!.
The standard B versus Q�chart  Robertson, 1990!
is a good starting point for evaluating sediment
grain size characteristics from FFCPT data.

SAND PIT DEMONSTRATION

Two different types of experiinents were used
at the CHL to demonstrate the capabilities of the
FFCP. The main goal was to evaluate the response
of the FFCP to sands and sediment with known

compositions, The first tests took place in a sand
pit filled with water that was originally used for
sand bypassing experiments until the early 1990s,
The FFCP was deployed from five different sta-
tions along a floating dock into water that varied
from 2.5 m to 4 m in depth. The water was rela-
tively clear except for a layer of green algae at the
surface. During the deployments a core of the first
30 cm of sediment was taken, along with a water
sample from the bottom.

The core was split and found to be composed
of uniform sand/gravel with a thin layer of organic
silt on the top surface. The sample was dried and
weighed and then was washed through a 200 mesh
sieve and dried again. The change in mass was
negligible. The remaining sediment was again
sieved. The results showed the bottom to be com-

posed of sand and gravel with a median diameter
 d50! equal to 0.6 rnillimeters. There was a thin
layer of organics over the gravel, which was
thought to be on the order of a few millimeters
thick, Trials with the OBS showed the water to be

essentially transparent to the sensor.

SETTLING TANK DEMONSTRATION

The second set of tests took place in a 2.5 m
tall rectangular settling tank. The bottom 30 cm of
the tank was filled with fine washed sand

 d5O&.15 mm! and then filled with tap water. Fifty
pounds of commercial grade kaolinite was slowly
sprinkled into the water and allowed to settle for

four days. The resulting layer was approximately
7 cm thick and some clay was still suspended. Two
FFCP drops were made into the tank, and then
samples were taken at different depths and in the
kaolinite layer to determine density. Mobile Bay
fluid mud was added to water and allowed to settle

for one day and another drop was made, again fol-
lowed by sampling. The mass and volume of each
sample were measured and the bulk density deter-
mined, Densities of 1000~+0 Kg/m and 1200~+0
Kg/m were found for the water and kaolinite
layer, respectively. The Mobile Bay sediments did
not have time to settle so there was no appreciable
density gradient or sediment layer above the kaoli-
nite. Subsequently, the results of the last test were
discarded.

INITIAL RESULTS

Figure la shows the output from the optical
backscatter sensor as a function of time for Test ¹5

from the sandpit. Figure lb shows the acceleration
response and velocity  from single integration of
the acceleration curve! as a function of time for
Test ¹5. These plots are representative of the
results obtained from both the pond and the labora-
tory tank, though there are some differences since
the pond contained coarse sand and gravel while
the tank contained fine sand, and the fall water

depths were different. T<W seconds on the plots
was defined as the time of impact of the penetrom-
eter as shown from the spike on the acceleration
curve. Generally, the time from impact to no
motion lasted less than 0.1 seconds since the bot-

tom in both experiments was very resistant to pen-
etration, The remaining 0.1 - 0.3 seconds of sam-
pling usually recorded the FFCP f'ailing over. Note
in Figure la that the OBS ciuve does not begin to
change until approximately 0.02 seconds after
impact, since the OBS sensor is located 12.5 cm
above the tip. Most pond tests penetrated to a
depth of approximately 15 cm, though some did
not, and no significant change occurred in the OBS
reading. The results of Test ¹5 suggest that there
was a layer of suspended sediment over the sand,
though interpretation is complicated due to rapid
tipping of the probe after the penetration.

Figure 2 shows the dynamic penetration resist-
ance Qd and the dynamic pore pressure Ud as a
function of depth below seabed, A total of 13
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Figure 1. The OBS counts are shown as a function of time in  a!.
The acceleration response as a function of time is presented in  b!,
along with the velocity.

measurements were made during the penetration
tests. Using the expressions given in Equation 2,
the average normalized dynamic penetration resist-
ance Q had a value of 367,3 while the dynamic
pore pressure parameter B had an average value
of -0.00789. From these values Mr. Christian pre-
dicted the sediment in the pond was gravelly sand
to sand, which aptly described the d50&.6 inm
sand/gravel puHed from the bottom. The values of
Qn and Bq from the laboratory tests described the
sediment as clean sand to silty sand, similar to the
0.15 mm sand that was used. The accelerometers

did not measure any change in acceleration as the
probe passed through the kaolinite layer. It is pos-
sible that the clay was not dense enough to notice-
ably slow the probe, though another possibility is
that the pressure field in front of the cone "feels"
the underlying sand and masks the response of the
clay layer. This point is being studied further.

As a result of these tests it has been deter-

mined that the Free Fall Cone Penetrometer has the

potential to be a very useful tool for dredging in
areas with fluid mud, and for contanunated sedi-

rnent capping projects. The OBS sensor not only
identifies fluid mud or suspended sediment layers,
but also it can be used to measure sediment thick-

ness as well. The accelerotneters and pore pressure
sensor have been shown to identify two types of
sandy bottoms. The output &om these sensors also

Figure 2. The dynamic penetration resistance of the sediment is
given  a! while the dynamic pote pressure is given in  h!.

gives the undrained shear strength of the sediment.
For capping projects the ability of the FFCPT to
detertnine the strength of the contaminated All
prior to capping is of great interest. Further inves-
tigations using the FFCP in actual field conditions
are being pursued, with the addition of more
sensitive accelerometers and some type of density
meter,

The authors would like to thank Dr. Michael

Palermo and Mr. Norman Francingues who provid-
ed funds from the Corps Contaminated Sediments
and Innovative Technologies focus areas of the
Corps Dredging Operations and Environmental
Research  DOER! Program. Additional support
was provided through Corps Monitoring
Completed Navigation Projects  MCNP! Program.
Mention of commercial products does not constitute
endorsement, either directly or implied, by the US
Anny Corps of Engineers. Permission to publish
this information was granted by the Chief of
Engineers.
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ABSTRACT: Historically, dredging projects have focused on the removal of sediment
from channel areas of navigable waterways, where anecdotal information and simple
sensing instrumentation can be relied upon in the assessment of the amount and type of
hazards to dredging that will be encountered. Recently, the scale of contaminated
sediment cleanup projects has elevated the issue of identifying dredging hazards to a
higher level. Cleanup projects such as the New Bedford Harbor Superfund Site
Cleanup involve shore-to-shore dredging of large portions of entire harbors. For such
projects, costly delays can occur when a complete picture of the harbor bottom is not
obtained prior to the planning of the dredging.

At the New Bedford Harbor Site, Foster Wheeler Environmental Corporation scientists
worked with the U.S Army Corps of Engineers to design a multi-phase imaging
prograin focused on providing critical information in advance of the design of the
dredging program. High quality images of the bottom and sub-bottoin of the harbor
were collected using side scan sonar, Sub-bottom Profiler, and magnetometer
equipment in order to identify potential hazards to the future dredging program, and
to obtain information on the character of the sedunents to be dredged. In addition to
locating objects of concern such as modern debris, abandoned moorings, former
pilings, sunken v~ pipelines and cables, the data revealed information concerning
the relative bottom hardness. Both the hazards identiTication and bottom hardness
information is being used in the design of the dredging program at the Harbor. The
information gathered is highly useful in the determination of dredging rates and in the
identification of areas of particular concern  which will require pre-dredge clearance
prior to sediment removal!, and has decreased the liabiTity normally associated with
large dredge design projects.

Key words: imaging techno1ogies, seismic reflection, sub-bottom profiling, side scan sonar,
magnetometry, New Bedford Harbor, MA
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The design and construction of large contami-
nated sediment dredging projects requires a large
volume of information concerning the character of
the bottom area to be dredged. Thickness of con-
tamination, extent of contatnination, sediment

type, bottom topography, and tidal and current
information are all important variables that must
be considered during the design and construction
phases of such projects. One variable that often
gets overlooked however, is the amount of debris
or aberrant material that is located on or in the har-

bor bottom. This debris can represent a significant
hazard to dredging and certain pre-design investi-
gation activities  such as drilling or test dredge



1 84 noRKLAND ET AL.

BACKGROUND

activities!. Inadequate knowledge of the hazards to
dredging can result in damage to equipment and
costly delays in production if the dredging opera-
tions encounter unexpected objects or debris on or
in the harbor bottom.

Assessing the presence of potential hazards to
dredging and pre-design investigation activities in
the marine environment is a difficult task because

of the high cost of direct mapping of large under-
water areas. Diving activities are costly and can be
dangerous in areas where contamination is an
issue. Additionally, sedimentation, sediment redis-
tribution, and burial rates in many east coast harbors
are sufficiently high as to cover over even relatively
modern debris such that direct visual means of

assessment may not be possible. Geophysical
methods have proven very useful for situations on
land, where magnetic and electromagnetic methods
have been employed to determine the character of
the subsurface and map out hazards prior to trench-
ing or excavating activities. However, shallow
marine conditions often interfere with geophysical
signatures, particularly for electromagnetic and
seismic methods, often rendering the results unus-
able. This paper presents the results of a program
designed to overcome the issues associated with
the collection of hazard information in the shallow

marine environment; a program, which resulted in
the collection and interpretation of critical hazard
information for a large contaminated sediment
dredging program.

The New Bedford Harbor Superfund Site
encompasses a large portion of New Bedford
Harbor and the lower reaches of the Acushnet

River in southeastern Massachusetts  see Figure 1!,
Sediments within the harbor are contaminated with

high levels of polychlorinated biphenyls  PCBs!
from historic transformer manufacturing that
occurred along the shoreline of the harbor. In
1998, the U.S. Environmental Protection Agency
signed a Record of Decision  ROD!, which pre-
scribed a remedy for the clean-up of the harbor.

The prescribed remedy identified in the ROD
calls for the dredging of the contaminated sedi-
ments from the floor of the harbor and subsequent
isolation of the contaminated material in four perma-
nent shoreline confined disposal facilities  CDFs!

Figure 1. The New Be<Ford Harbor Superfund Site Plan.

Figure 2. The test dredge operating in the Upper Harbor.

constructed for this purpose. Figure 2 shows a
portion of the Upper Harbor area of interest with
test dredging operations observable, and a tempo-
rary CDF facility at Sawyer Street in New Bedford,
which has been used for interim storage of "hot
spot" and test dredge materials until the permanent
CDFs can be constructed. The USEPA enlisted the
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assistance of the U,S. Army Corps of Engineers-
New England District  USACE! as manager of the
project. Under the New England Total
Environmental Restoration Contract  TERC!, the

USACE assigned Foster Wheeler Environmental
Corp. as the lead design/build contractor for the
work.

Design of a dredging program of an entire har-
bor requires detailed knowledge of all of the poten-
tial hazards on and in the bottom of the harbor. In

the case of New Bedford Harbor, a harbor that has

been developed for hundreds of years, surprises
were expected. Maps of the harbor environs existed,
but none were detailed, and fewer still had any
information below the low water line. So in order

to obtain a clear and accurate picture of the condi-
tions in the harbor areas where future activities

were planned, a multi-phase marine geophysical
investigation program was designed.

In order to acquire as much bottom and sub-
bottom information as possible, a multi-phase
marine geophysical program was devised.
Precision imaging of the bottom of the harbor was
required in order to get as complete a picture of the
bottom conditions as possible. In addition, because
of the concern about objects buried just below the
harbor bottom, information was required from
below the bottom of the harbor  from within the
shallow sub-bottom sediments!,

Foster Wheeler geophysicists designed a multi-
phase program which integrated bottom and sub-
bottom imaging technologies with the latest in
positioning equipment and software. The equip-
rnent utilized for this program included:
~ A precision navigation system utilizing a

Differential Global Positioning System
 DGPS! integrated with digital navigation soft-
ware which included a steer-to heads-up display;

~ A precision echo-sounder for accurate
bottom depth information;

~ A Cesium Total-field Magnetometer System
for identification of metallic signatures on and
in the harbor bottom,

~ A Side Scan Sonar system  dual frequency
with digital recording and playback features!
for imaging of the harbor bottom; and

~ A "Chirp"-type swept frequency Sub-bottom
Profiler for sub-bottom imaging of the harbor
bottom.

All of the equipment was housed in a shallow
draft licensed survey vessel. A survey vessel capa-
ble of operating in as little as four feet of water
was used for the deeper portions of the harbor.
This vessel was large enough to house all of the
equipment at once, allowing collection of all data
streams concurrently, avoiding retracing data lines,
For more shallow areas around the edges of the
harbor, a second  smaller! vessel was used. This
vessel required each of the instruments to be uti-
lized independently  one at a time!, as deck space
was limited. With the shallow vessel configura-
tion, work could proceed in as little as approxi-
rnately one foot of water.

Prior to mobilizing the equipment to the field,
survey tracklines were laid out on project maps in
order to cover all areas where dredging or con-
struction activities are scheduled or could occur.

Tracklines were laid out at a 50-foot spacing such
that all potentially effected areas of the harbor
would be covered. The tracklines were then digi-
tized onto the project inaps, and the entire digital
inap image was entered into the ships navigation
system. This provided the helmsman with a coin-
puterized "heads-up" display of the intended track-
lines, with an overlay of the position of the vessel,
updated every second, as determined from the real-
time DGPS. Vessel steering was accomplished
through constant monitoring of the DGPS vessel
location relative to the design trackiines. During
data collection, real position information was
logged by the navigation computer in real time so
that an accurate map of the vessels actual trackline
could be produced. The data collected from each
of the geophysical instruments was also logged
digitally onto computer, with each piece of data
tagged with digital position and time information
from the DGPS,

The results of the survey were depicted on a
series of detailed maps of the bottom of the harbor.
The magnetic and side scan sonar maps were pro-
duced as composite data fusion maps of the entire
harbor area surveyed for each data type. The maps
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of each data type were then reviewed in detail and
interpreted by experienced geophysicists, and any
potential targets identified from each data type
were logged and mapped on a composite interpre-
tation map of the harbor areas surveyed. For tar-
gets displaying a data signature on more than one
data type, the data signatures were noted on both
the composite map and summary table of targets.

Individual images of side scan or magnetic tar-
gets were also exported from the larger composite
maps so that project personnel can reference
detailed images of all of the identified hazards. A
library of the hazards has been generated for the
project, and a summary target map, displaying all
interpreted targets, has been generated for use by
all project stakeholders. Many critical hazards
were identified from the images, including several
undocumented pipelines  see Figure 3!, a set of
former railway tracks, the remnants of a trestle
bridge that was destroyed during a hurricane in the
1940's, several sunken  modern! vessels, and a sig-
nificant volume of debris and submerged or buried
old pilings. The targets are geo-referenced, and
digital versions of the target map information can
be downloaded into a variety of platforms  for
instance the GPS system of a dredge barge!, so that
current and future users of the data will have

access to the information and will be able to identify
the potential hazards. Information will be avaiable
in digital format as well as hard copy formats.

Identification of potential bottom and sub-
bottom hazards is an often overlooked task on

contaminated sediinent removal projects.
Traditionally, the collection of information has
been costly and not particularly reliable. However,
with availability of increasingly accurate digital
imaging and positioning systeins has made the
mapping of large harbor areas both possible and
cost-effective, Such a survey was conducted for
the New Bedford Harbor Superfund project, where
a multi-phase marine geophysical data collection
program was designed. Complete coverage of the
potential dredge areas was achieved. Interpretation
of the data revealed numerous surprises, including
several unmapped pipelines, and a set of former
railway tracks &om a trestle bridge that had been

destroyed during a hurricane. Through appropriate
application of technology, a significant volume of
critical hazard information was collected, which
can be utilized by all stakeholders on the project
team, The survey of New Bedford Harbor provided
engineers seeking details on the characteristics of
the harbor bottom a complete picture of the harbor
environs. The benefits include a significant
increase in the volume of information available to

engineers concerning harbor bottom character  thus
improving interpretations and reducing risk!, and a
reduction in the cost of obtaining the information
that is necessary to identify potentially costly
hazards in the marine environment.
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Beneficial Uses of Dredged Material from
Narragansett Bay

CHRlsTopHER D. P. BAxTER'
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University of Rhode Island
/t/arragansett, Rl 02882 USA

There are currently several coastal projects where
dredging is planned within Narragansett Bay, Rhode
Island. These projects, which include dredging of the
Providence River channel, development of a port facility

at Quonset Point/Davisville, and maintenance dredging
of several marinas, would generate over 10 million cubic

yards �.6 million m ! of dredged material. The issues

surrounding the disposal of this very large quantity of
material will have a significant impact on both economic
development in the region and the environment, Current

plans are to dispose of the uncontaminated sediments
&om the Providence River Channel either in

Narragansett Bay or in Rhode Island Sound, both of

which face opposition from environmental groups and
local fishermen. Contaminated materials would be dis-

posed of in a confined aquatic disposal  CAD! cell with-
in the Providence River. With the large amount of
dredged sediments being generated from the Bay, there is
a clear need to consider reuse alternatives to disposal,

Development of economically viable beneficial use alter-

natives have several attractions including reducing the
need for aquatic disposal with attendant envirotunental

advantages, Upland uses could include fill for highway
construction and capping material for brownfields reme-

diation projects. Other uses being considered are

restoration of aquatic habitats and dewatering the sedi-
ments with subsequent use for beach replenishment,

This paper presents the results of a current laboratory
testing program to evaluate beneficial use alternatives for
uncontaminated materials from the channel and turning
basins at the Quonset Point/Davisville facility. Results
of a site investigation indicate that significant amounts of
sand/gravel will be encountered within the planned
dredged depths  approximately � 42 ft MLW!. The testing
program includes blending sandy sediments with building
debris for construction fill and compaction and hydraulic

conductivity tests of organic silts for use as capping
material. The effectiveness of admixture stabilization

with Portland cement, lime, and flyash is also investigated.

The cost of these reuse options are compared to existing
aquatic disposal options in the Bay.

Key words: Narragansett Bay, beneficial use, CAD,
dredged material management
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Gravitational Flows and the Dispersion of
Dredged Resnspended Sediments: The

Forgotten Factor?
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Dredging in and adjacent to sensitive marine habi-

tats often requires implementation of protocols intended
to minimize the far-field dispersion of sediments resus-

pended by the operating dredge or discharged from the
transport barge and/or the repository basin. The majority
of these protocols seek to minimize resuspension through

the selection of specialized equipment and the control of

production rates. While significantly reducing source
concentrations of suspended materials none of these

methods eliminates resuspension. The resultant plume
spreads under the combined effects of gravitational set-

tling and horizontal advection. The relative importance

of these two factors ultimately governs spatial settlement
patterns and depositional characteristics including thick-

ness, grain size distributions, and material composition.
Horizontal advection varies as a function of local flow

characteristics and is site specific. With some few excep-
tions, this velocity field shows minimal dependence on

dredging protocols and is diAicult or impossible to con-
trol. In contrast, gravitational setthng rates, dependent on
both the concentration and composition of the materials

in suspension, display particular sensitivity to dredging
protocols, Analyses of data obtained in the wake of a

variety of estuarine dredging operations indicate that as
source concentrations decrease settlement rates
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progressively decrease and in the limit approach values
governed simply by particle grain size. For fine-grained
silts and clays limiting values of individual particle set-
tling velocities can range below mm/sec resulting in long
term retention of these particles in the water column and

potentially significant far-field transport prior to deposi-
tion. Increasing source concentrations favors the onset of
mass settling in which depositional velocities are gov-
erned by the density contrast between the plume of sus-
pended materials and the surrounding waters. The result-
ing gravitational flows proceed over the vertical at rates
far in excess of those characteristic of individual particle

settlement. Analysis of conditions in a number of typical
estuarine projects yields settling rates ranging from
cm/sec to m/sec. Such rates favor minimization of far-

field dispersion with settlement in large part confined to
the immediate dredge site. These results suggest that
efforts to minimize dredge associated resuspension may
be counterproductive if the goal is to control far-field
dispersion. The implications of gravitational flow analy-
sis are discussed with the results used to develop guide-

lines for the specification of dredging protocols for appli-
cation in both navigational and environmental dredging
projects.

Key words: sediment resuspension, sediment plumes,

gravitational flow, dispersion
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Sediment chemistry is an important component of
any assessment of toxicological risk associated with bed-

ded sediment, Both mechanistically- and correlation-

based approaches have been developed to provide useful
tools for assessing potential sediment toxicity based on
thc concentrations of chemicals or chemical classes in

bulk sediment. However, in the preponderance of cases
it is not possible to account for, let alone distinguish the

causes of, observed toxicity to test species based upon

sediment chemistry data, We argue in this paper that our
ability to make further progress in the assessment of

causes of sediment toxicity will depend upon better
understanding of sediment chemistry and development of
methods that allow for better control of contaminant

exposure in laboratory toxicity and bioaccumulation
tests. Our understanding of field exposures is affected

by the choice of chemical species to analyze and the

experimental design used in field sampling. Laboratory
toxicity and bioaccumulation experiments may not
approximate in-situ exposure for a variety of reasons

including; removal of contaminant and organic matter

sources; high infaunal densities that act to deplete con-

taminant exposure reservoirs and oxygenate sediments;

and various manipulations  including storage! of sedi-
ments or porewaters that can alter contaminant bioavail-

ability or change the buffering capacity of contaminant
in the sediments. In this paper we will provide an
overview of important sediment chemistry issues that

should be considered in future studies designed to assess

the toxicological risks associated with in-place or
dredged sediments. Questions that will be addressed
include: �! what contaminants, in addition to those con-

ventionally measured, are most likely to be contributing
to observed toxicity? �! what are the pitfalls of field-
based determinations of bioaccumulation of contami-

nants and what new approaches might be useful?; �!

why are pore water toxicity tests, as presently employed,
inherently flawed?; �! what are the ways in which con-

taminant exposures are modified in laboratory exposures

with benthic invertebrates?; and �! what general
approaches might be used to best control, characterize,
and mimic in-sitrt sediment exposures in the laboratory?

Key words: sediment toxicity, assessment, contaminant

exposure
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Integrating Toxicology and Benthic
Ecology: Putting the "Eco" Back into

Ecotoxicology
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Assessing sediment toxicity can be done using ben-
thic ecology  reality, but not predictive and difficult to
discern subtle effects! and/or toxicology  least "real" in
the laboratory, but can be predicative and can assess
subtle effects!, To date toxicology has arguably been
environmental rather than ecological  ecotoxicology!,
Environmental toxicology tends to focus on laboratory
issues and testing costs, whereas ecological toxicology
focuses on ecological issues and the costs of an incorrect

decision. Similarly, benthic ecology needs to be done
better � the primary focus on species diversity and abun-
dance is inappropriate; the real issue is processes.
Ecotoxicology ideally provides an integration of benthic
ecology and toxicology, surpassing their individual limi-
tations. General guidelines for acute and chronic testing
are provided, as are ecotoxicological criteria for species
selection  contrasted with "standard" environmental

toxicology criteria!. Other issues discussed include: labo-

ratory vs. field tests and mixed species testing, a detailed
example of the need for ecotoxicology is presented rela-
tive to estuarine sediments. Different estuaries and their

unique characteristics are reviewed  overlying and inter-
stitial salinity as a controlling factor, bioavailability
measurements, benthos � "the paradox of brackish

water" and seasonal, interstitial-salinity induced move-
ments up and down-stream!. Current sediment toxicity
tests, species used, end-points, problems and resolutions
are also reviewed. Most testing has involved single
species, but community level toxicity tests are available.
These are best interpreted in combination with well-
designed single species tests, Specific recommendations
are provided for ensuring estuarine sediments are evalu-

ated based on ecotoxiology, not environmental toxicology,
An overall framework based on ecological risk assess-
ment is then proposed for combining benthic ecology
and toxicology to minimize uncertainty and maximize
realism, Two alternatives are possible; extrinsic or intrinsic
incorporation of ecology into toxicology  the latter is
preferable!. Final recommendations are provide which

are not solely scientific  e.g., do not separate the disci-
plines of ecology and toxicology; do not rely on "snap-
shots in time"; develop and use appropriate tools to
measure ecosystem status and indications of stress!. Inte-

grating benthic ecology and toxicology in ecotoxicology
represents and important shift from reductionist to holistic

approaches.

Key words: sediment toxicity, ecotoxicology, assessment
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Beginning with the initiation of the Assessment and
Remediation of Contaminated Sediments  ARCS! pro-
gram in 1987, the Great Lakes National Program Office
 GLNPO! has been actively involved in the develop-
ment, testing, and evaluation of assessment and remedia-

tion techniques for managing contaminated sediments in
the Great Lakes. As part of the 6-year ARCS program,
GLNPO was responsible for the study and demonstration
of appropriate treatment options for toxic contaminants
in bottom sediments. At the conclusion of the ARCS

program in 1994, GLNPO continued to provide finan-
cial, technical, and field sampling support for contami-
nated sediment issues throughout the Great Lakes, This
presentation discusses results of the ARCS sediment

treatment demonstration projects and the status of two

innovative sediment treatment projects currently funded
under GLNPO's annual grants program,

The ARCS program researched over 250 treatment
technologies, most of which had not been previously
demonstrated on contaminated sediments. Nine of these

technologies were selected for bench-scale testing,
including: solidification/stabilization, particle separation,
bioremediation, base catalyzed decomposition, basic
extractive sludge treatment  BEST! process, low temper-
ature thermal desorption, wet air oxidation, thermal
reduction  Ecologic process!, and in-situ stabilization.
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Based on these results, GLNPO sponsored pilot-scale
demonstrations of the BEST solvent extraction and the

low temperature thermal desorption processes. Reports
discussing the results of bench- and pilot-scale demon-

strations are available through the U,S. Environmental

Protection Agency  USEPA! Great Lakes National

Program Office in Chicago, Illinois. While the

processed proved to be effective at removing PCBs,
PAHs, and other volatile and semivolatile compounds
Irom the sediments, cost estimates for full-scale opera-

tions indicated that these treatment would be expensive,

$250-$535 per cubic yard of material.
With tens of millions of cubic yards of contaminated

sediment within the Great Lakes basin potentially requir-

ing remediation and/or treatment the cost of treatment
could run into the billions of dollars. Additionally, space

in landfills and confined disposal facilities  CDF! is run-

ning low. GLNPO and its Great Lakes partners are inter-

ested supporting the development of cost effective alter-
natives to landfills and CDFs. To reach this end, GLNPO

is supporting feasibility scale testing of two innovative
sediment treatment technologies that combine contami-
nated sediment treatment with the production of a mar-

ketable final product, the Glass Aggregate Feasibility
Study, and the Cement-Lock pilot-scale demonstration,

The glass aggregate feasibility study uses a thermal
treatment technology that is currently being used to treat

paper mill sludge to produce a glass aggregate fill mate-
rial. The Cement Lock process also uses a thermal treat-

ment process to produce a blended cement product. By
recovering a portion of the treatment costs through sale
of the final product unit costs for each process are esti-

mated at $60-$100 per cubic yard, Both demonstrations
are scheduled to begin in calendar year 2001.

Key words: Great Lakes, sediment treatment technologies
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The U.S. Army Corps of Engineers  USACE!, New
Orleans District annually removes 70,000,000 to
90,000,000 cubic yards of shoal material from discontin-

uous reaches of 10 Federal navigational channels in
coastal Louisiana. Since 1974, whenever feasible, the

dredged material from routine maintenance has been

used beneficially to create, restore, nourish, and protect
coastal wetland habitats. Hydraulic cutterhead pipeline

dredges place the dredged material into shallow, open

water areas adjacent to the navigational channels in a
manner conducive to wetlands development.

In the mid-1980s when the magnitude of coastal

wetland loss in Louisiana became apparent, the State of
Louisiana looked to the District as a partner in the effort

to thwart this catastrophic land loss, The state saw the
dredged material from the District's maintenance dredg-

ing program as a valuable resource to be used to create
and restore coastal wetland habitats. Approximately 7000
acres of wetlands have been created and/or restored

through the beneficial use of dredged material since 1985.

The State contends that a significant portion of

Louisiana's coastal wetlands could be restored annually
if aII of the dredged material from the District's mainte-

nance dredging program were used in a beneficial man-
ner. However, in addition to the Corps of Engineers' pol-
icy relative to a "Federal Standard", a number of other

factors limit the amount of coastal wetlands restoration

that can be accomplished using dredged material from
maintenance of Federal navigational channels. Among

these factors are: 1! logistics; 2! chemical and physical

characteristics of the dredged material; 3! channel
dynamics; and 4! lands, easements, rights-of-way, reloca-

tions and disposal areas. Changes in the Corps' policy
would not remove all limitations iinposed by these fac-

tors; therefore, beneficial uses of dredged material from
the District's maintenance dredging program will remain
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only part of the solution to restoration of Louisiana's
coastal wetlands.

Key words: beneficial use, wetland restoration, land loss,
Louisiana, Gulf of Mexico
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The purpose of this paper is to review the status of
comparative risk assessment within the context of envi-

ronmental decision-making, to evaluate its potential
application as a decision-making framework for selecting
alternative technologies for dredged material management,
and to make recommendations for implementing such a
framework. We provide the various definitions of com-

parative risk assessment, review the relevant literature

concerning its application, or more often, suggested
application, in policy development, regulatory prioritiza-
tion, technology selection, and chemical hazard compar-
isons, We sununarize the various methods and critiques
of comparative risk assessment, and suggest its potential
apphcation in helping to select among various technology
options for dredged material management.

This review demonstrates that comparative risk
assessment has not found a successful universally
applied methodology or approach. Rather, the literature
largely oAers comparisons of specific chemicals based
on current risk assessment approaches, descriptions of
specific applications that are variations on an U.S.

Environmental Protection Agency  USEPA! theme for
setting policy agendas, or critiques of methodology with
the hope that it may find an application.

One of the most important points from this review

for the United States Army Corps of Engineers  USACE!
is that comparative risk assessment, however conducted,

is an inherently subjective, value-laden process, There is
some objection to this lack of total scientific objectivity
 refereed to as the "hard version" of comparative risk
assessment!. However, the "hard versions" provide little
help in suggesting a method that surmounts the psychology
of choice in any decision making scheme, The applica-
tion of comparative risk assessment in the decision

making process at dredged material management facili-
ties will have to an element of value and professional
judgement in the process,

The literature suggests that the best way to incorpo-
rate this subjectivity and still maintain a defensible com-

parative framework is to develop a method that carefully
selects the basis for comparisons and is inclusive of vari-

ous perspectives. The method must be logically consis-
tent and allow for uncertainty by comparing risks on the
basis of more than one set of criteria, more than one set

of categories, and more than one set of experts. It should
incorporate a probabilistic approach where necessary and
possible, based on management goals. The general opin-
ion is that iteration within the comparative risk frame-
work lends some sense of the range of outcomes to an

inherently subjective analysis.

Key words: risk assessment, dredged material

management, methodology
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The New York/New Jersey Harbor is naturally shal-
low with a reported natural depth of about 18 feet. The
Harbor has been dredged since the late 1800s to provide
sufhcient draft for vessels of increasing size. Currently,
channel depths in the Port of New York and New Jersey
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are as deep as � 40 feet below the plane of mean low
water  MLW'!. Additional deepening of the channels has

recently begun to bring their depths to � 45 MLW and

studies are on going which could further increase chan-

nel depths to � 50 MLW. Since dredging in the New York

Harbor began, dredged material has been disposed of in
the ocean about six miles off the coast of New Jersey. In

the early 1990s, New Jersey's philosophy concerning

dredged material management began to shift away from

mere disposal of dredged material to a comprehensive
management strategy centered on the beneficial use of

dredged material. In 1997, the Mud Dump, which had
for years been used to dispose of millions of cubic yards
of dredged material from the Port of New Jersey and
New York, was officially closed which left the largest

port on the Eastern Seaboard with virtually no dredged
material disposal alternatives. Consequently, the transi-

tion to beneficial use took on new urgency in 1997.
In response to the impending crisis, the New Jersey

Department of Environmental Protection and private sec-

tor partners began an innovative program aimed at using
dredged material from the New York Harbor to facilitate
the closure of abandoned landfills and the remediation of

brownfield sites in the metropolitan region, The primary
goal of the program is to successfully manage dredged
material in a manner that is protective of human health
and the environment. An added benefit of the program is
the remediation of contaminated upland sites in urban
areas and their restoration to economic use. The first site

to be successfully remediated using dredged material
was the Elizabeth Landfill, now home of the Jersey

Gardens Mall. This management strategy is presently

being expanded to other areas of the State including the
Delaware River, thereby renewing capacity at existing
confined disposal facilities and eliminating the need to

expand or site new facilities.

This paper will provide a brief chronicle of the
emergence of New Jersey's dredged material manage-
ment policy and its implementation through existing reg-
ulatory programs, and the development of New Jersey's
dredging technical manual. The paper will focus on regu-

latory considerations for determining acceptable uses for

dredged material including sampling frequency, testing
protocols and choosing appropriate evaluative criteria,

and will present an upland beneficial use case study of a

currently active brownfield redevelopment. Lastly, the
paper will discuss impediments to the success of the pro-

gram and on-going research initiatives intended to

address outstanding questions including the volatility of

contaminants,

Key words: dredged material disposal, beneficial use,

dredging policy, New York/New Jersey Harbor
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The Equilibrium Partitioning  EqP! model is the
basis for our current ability to understand and predict the
causes of toxicity in sediments. It also forms the frame-

work for toxicity identification evaluations  TIEs! in sed-

iments. The data that support the assumptions in the
model will be reviewed for both organic chemicals and

metals. Recent applications of EqP to predicting the tox-
icity of mixtures of polycyclic aromatic hydrocarbons
 PAHs! in sediments using narcosis theory will be pre-
sented, An extension of the simultaneous extracted

metal-acid-volatile sulfides  SEM-AVS! model to

improve the prediction of toxicity of metals in sediments
� in addition to its already demonstrated ability to predict
the lack of toxicity � will also be discussed. Finally the

limitations of the EqP model for organic chemicals and

metals will be examined, particularly from the point of
view of evaluating dredged materials.

Key words: TIE, equilibrium partitioning, segment
toxicity
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Creative Solutions to Dredged Materials
Management � The New Jersey Experience

W. SCOTT DOUGLAS

New Jersey Maritime Resources
Department of Transportation
1035 Parkway Avenue
Trenton, NJ 08625 USA

Faced with a dredged materials backlog of almost 6

million cubic yards and an impending navigational crisis,
the State of New Jersey instituted widespread changes on
regulatory, legal and policy levels in the way dredged
materials are managed throughout the State. Two com-

pletely new offices were created to successfully imple-
ent this innovative new program, which emphasized

dredged materials as a resource rather than a waste.

Upland beneficial reuse was essentially unproven, how-
ever, and the regulated coininunity was not optimistic
about its ability to perform in a manner consistent with

project goals and objectives. Over $250 million in com-
bined funding from the Port Authority of New York and
New Jersey and a statewide referendum provided the
resources necessary to perform pilot and demonstrations
of new technologies. Projects were chosen for testing
based on their ability to meet objectives on sediment
reduction, contaminant reduction, and beneficial reuse

reduction potential. Beneficial use projects were shown
to result in not only increased disposal capacity, but also
remediation and reclamation of abandoned industrial

properties. An extensive contaminant monitoring and
source trackdown program is underway to and will result

in a plan to reduce the amount of contaminated materials
that must be managed. Sediment decontamination tech-

nology demonstrations, following the groundbreaking
work of the USEPAAVRDA program have been initiated

and if successful may provide additional reuse capacity
as well as a cost- effective manner for treatment of highly
contaminated sediments, The overall progress of these
programs will be discussed as well as lessons learned
and a blueprint for future efforts.

Key words: beneficial use, contaminated sediments,
decontamination, New York/New Jersey Harbor
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Comparative Evaluation of Risks from
Alternatives for Dredged Material

Management in New York/New Jersey
Harbor
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Managers in New York and New Jersey Harbor are
developing strategies to dispose and manage large vol-
umes of sediments that must be dredged in order to

maintain passable waterways. A number of alternatives
are available including aquatic containment facilities,

upland containment, treatment, and beneficial reuse. An

important consideration in the selection of an appropriate
alternative is the evaluation of potential risks to ecologi-

cal and human receptors. This study presents the results
of a prospective screening-level ecological and human
health risk assessment that compares risks associated
with management alternatives for contaminated dredged
materials. The major objectives of the work were to

identify exposures that show the potential for risk and

cause for concern, develop a framework for a comparative
risk assessment, and compare relative potential risks
among eight management alternatives. The results can be

used by managers to identify specific characteristics of
the placement/treatment alternatives that may increase the
potential for risk, chose one alternative over another for

sediments with high concenlrations of certain contaminants,

implement controls that mitigate risk, or identify the need
to a more comprehensive site-specific risk assessment.

Key words: New York/New Jersey Harbor, risk
assessment, management
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The Capping Proposal for Cell 1, Tommy
Thompson Park � A Wetland Creation

Opportunity on the Toronto Waterfront

LARRY FIELD

GQRD MAcPHERsoN

The Toronto and Region Conservation Authority
5 Shoreham Drive

Downsview, Ontario

Canada M3%1S4

The Confined Disposal Facility  CDF! for the Port
of Toronto is operated by the Toronto Port Authority and

consists of three disposal cells �9 ha. in size!, within
Tommy Thompson Park  TTP!, Tommy Thompson Park
is a spit of land on the central Toronto Waterfront that

extends southwest into Lake Ontario for 5 km. Since

1982, the park has been the repository for sediments
dredged I'rom the mouth of the Don River and other
locations within the Toronto Harbour.

Dredging and disposal operations were approved
under the Provincial Environmental Assessment Act,

subject to a number of conditions, One condition dic-
tates that the cells within the CDF "be topped off and

capped in a manner which restricts biological uptake and
mobility of contaminants." The Toronto and Region

Conservation Authority  TRCA! is the government
organization responsible for determining the long-term
use of the CDF site. Following extensive studies of the
existing environmental conditions within Cell 1 and after
evaluation of the economic and engineering considera-

tions of the project, the TRCA and the Toronto Port

Authority is proposing the use of a sub-aqueous clean-
fill cap and wetland creation at the site,

To test the feasibihty of a cap and wetland the

TRCA developed a similar proposal for the Triangle
Pond area within TTP. The triangle pond is a one-

hectare water body centrally located within the park that
was constructed in the early 1970s to test the feasibility

of developing a large scale CDF for the harbour. The

capping construction was completed over the course of
six months in 1999 and a variety of wetland vegetation

has been established through plantings and colonization
over the past growing season.

The wetland at Triangle Pond and our proposed wet-

land at Disposal Cell one will enhance opportunities for
public education and recreation, wildlife habitat

improvement, and increase ecosystem diversity. In addi-
tion, our use of a Clean-fill/Wetland at Tommy

Thompson Park may demonstrate what can be achieved
in the way of wetland creation at other Great Lakes CDFs.

Key words: wetland creation, CDF, Great Lakes,

capping, Toronto
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Geotextile Contained Contaminated

Dredged Material, Marina Del Rey, Los
Angeles and Port of Oakland, California
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Approximately 42,000 m' �5,000 cubic yards, cy!
of contaminated maintenance dredged material has been

successfully contained in geotextile containers and

placed with split hull bottom dump barges in a shallow

water habitat and capped with a layer of clean sandy
dredged material. The dredged materials contained
about 7 to 8 percent fine grained soil and were contami-

nated with lead, zinc and copper. The tnaterials were
mechanically dredged with a clamshell bucket and

placed in geotextile containers. The containers were

sewn closed and placed within the Port of Los Angeles'

 POLA! Shallow Water Habitat  SWH! Confined
Aquatic Disposal  CAD! site. Forty-four geotextile con-
tainers were filled with an average of about 992 m'
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�300 cy! of contaminated maintenance dredged material
from the Marina Del Rey, California, channel entrance

and the Ballona Flood Control Channel, Los Angeles,
California. Dredging began November 10, 1994 and was
completed December 18, 1994, An average of 1.5 con-
tainers or 1527 m' �000 cy! were placed each day using
a Differential Global Positioning system. This was the

first project of its kind in the world where contaminated

dredged material was successfully contained in geotex-
tile containers, placed, and capped with a sand layer.

At the same time as the Marina Del Rey project, the
Port of Oakland, California, was in mechanically exca-
vating contaminated maintenance dredged material into a
holding barge and then pumping it into geotextile tubes
for dewatering and subsequent landfill disposal,
Geotextile tubes were successfully filled with contami-
nated dredged material and allowed to drain to about 40

to 65 percent of their original volume prior to landfill
placement.

As a result of these two demonstration projects,

there are several similar projects being designed by the
New York-New Jersey Port Authority, New York, New
York and the Massachusetts Port Authority, Boston,
Massachusetts. These new and innovative concepts of
containing contaminated dredged material in geotextile
containers have proven to be constructably practical,
technically and economically feasible and environmen-

tally acceptable compared to other disposal alternatives.

Key words: geotextile containers, split hull bottom dump
scows, shallow water habitat, CAD, Los Angeles,
Oakland, Marina Del Rey, CA
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Dredged Material Filled Geotnbes, San
Antonio Inlet Containment Bland,

Bnenaventura Bay, Colombia

One of the first Geotube applications in Colombia
was for construction of confined disposal area islands
that will be used for containment and dewatering of fine-
grained maintenance dredged materials. The project is
located on the San Antonio Inlet, Buenaventura

Colombia. The dredged material containment area is the
first of two oval shaped islands planned in this riverine
and tidal environment. This new and innovative con-

struction methodology involved hydraulically filling geo-
tubes with a sandy fill material. Geotubes are simply an
assemblage of geotextile fabric panels sewn to form long
tubes for containment of dredged material, The geotubes
were positioned end to end to provide a perimeter dike
for dredged material containment in tidal variations of 4-
meters twice a day. After the oval shaped islands are
completed they will serve as dredged material contain-
ment facilities until they are filled and stabilized. After
they are stabilized they will be planted in Mangrove
trees and other native vegetation and will be used exclu-
sively for environmental purposes.

Key words: containment, geotextile tubes, beneficial use,
San Antonio Inlet, Columbia
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Beneficial Use of Dredged Sediments as a
Feedstock in Conventional Portland Cement

Production
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Environmental Research Group
Department of Civil Engineering
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Durham, NH 03824 USA

Sethments contain a significant ainount of a valu-

able commodity that is actively nuned in this country on

a niassive scale: quartz  Si02!. With rapidly depleting
natural quantities of Si02, industries like the Portland

cement manufacturing industry are constantly seeking
alternative sources. Against this background, the pri-

mary goal of the sediment management approach being

proposed is to capitalize on the inherent properties of
dredged sediments to produce a valuable and marketable

commodity: Portland cement  Portland cement is an

extremely fine, gray powder manufactmed from some of
the earth's minerals. After mixing with water, Portland

cement is the glue that binds sand and gravel together
into the rock-like mass known as concrete!,

This research project is progressing along two

fronts: First, study of cement manufacture using contain-

inated sediments as a partial feedstock is being conducted,
and the resulting cement characteristics are being investi-

gated. Second, the fate of organic and inorganic contam-
inants initially present in the sediments is being investi-
gated, particularly the mineralogical form of heavy metals
that remain in the cement matrix and the concomitant

leaching properties.
This presentation will focus on the justification for

this approach, including an economic analysis that will

highlight the conditions  e.g, transportation situation, tip-

ping fees, sediment water content! for which this approach
may be feasible. Preliminary cement mix ratios, cement

quality, and pH-dependent leaching results will also be
presented based on work using seditnents from New
York Harbor.

Key words: sediment, beneficial use, cement
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Siting a Confined Disposal and Treatment
Facility within a Regional Framework for

Managing Contaminated Sediment: Lessons
Learned and Remaining Challenges
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The need for a comprehensive sediment manage-
ment program in the Puget Sound region was recognized

more than twenty years ago. A cooperative program to
effectively manage cleaner dredged material was estab-

lished in 1988. Sediment management standards prom-

ulgated in 1991 define requirements for cleaning up con-
taminated sediment and controlling continued discharges.

However, remediation of contaminated sites identified

since 1996 has often been delayed because of inadequate

regional confined disposal capacity.
Seven federal, state and quasi-public parties are now

participating in a joint effort to site and build regional
capacity to manage contaminated dredged material by a
combination of beneficial uses, treatment and disposal.
Thus, challenges encountered in the multi-user disposal
site or "MUDS" project include funding feasibility stud-

ies, reaching consensus on technical and policy issues,

generating public interest prior to choosing preferred
types of facilities and sites, and identifying a willing
facility owner. Many of these challenges have been or

are in the process of being resolved, but other significant
hurdles remain. Key issues remaining include demon-

strating a reliable flow of contaminated material, identi-

fying methods to accelerate cleanup activities, determin-

ing the appropriateness of using public lands for aquatic

disposal and evaluating the long-term safety and liability
of products manufactured from sediment treatment

processes.

The authors also describe the need to create a public

entity with all the legal authorities needed to form a

partnership with one or more private companies to develop
confined disposal and treatment capacity. This "MUDS
authority" will need to cooperatively define the optimum
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partnership, secure adequate funding, obtain technical
and policy assistance, generate legislative interest and
public acceptance in order to select, design, build and
permit a regional facility.

Key words: confined disposal, contaminated sediment,

treatment, Puget Sound
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ETHEC Contaminated Sediment Treatment

ETHEC technology integrates electrical, thermal,
and chemical techniques for economical treatment and

recycling of contaminated marine sediment, hazardous
sludge or water/solid compositions. Contaminated and
hazardous waste are used, as a raw material for

ETHEC's products manufacturing and are cleaned up
using energy accumulated in the processed materials and
system. During this process ETHEC cleans up and recy-
cles the waste material and also the contaminants them-

selves  i,e. integrated organic and/or inorganic contami-
nants!. ETHEC modular systems are configured for one
stage, two stage, or three stage operation.

During stage 1 ETHEC efficiently concentrates on
water the solid residue by extracting water in vapor form
from marine sediment. During Stage 2 the solidified,
organically contaminated residue, is cleaned up using,
again, thermal energy for extracting the organics in
vapor. Hazardous organics, such as PCBS, dioxin, car-
bon disulfide, etc. are vaporized for further treatment.
Nonhazardous petroleum-based organics are condensed

into fuel products. During Stage 3 the heavy metals are
stabilized by a thermo-chemical reaction, as a result of

high temperature processing. High temperature heating is
a part of ETHEC manufacturing process that converts
organic-free sediment  solid! into baked construction
filler, or cementitious  pozzolanic! material. The
vaporized hazardous organics are on-site thermally
decomposed into industrial chemicals.

Environmental benefits includes both on-site waste

processing, and in-line recycling of the treated material
and contaminants provide the zero-discharge operation,
Integrating the ETHEC systems into industrial-type pro-
duction lines, using waste heat, as energy source, and
using closed loop system configuration prevents pollution.

Application may include contaminated marine sedi-

ment, technological sludge, ground water and soil,
wastewater, and mineral solid waste compositions.

Depending on the required beneficial products, the
necessary ETHEC stages are the following;
~ Stage I: concentrated solid residue, distilled water:

dewatering  volume reduction!

~ Stage 2: organics free solid  soil!: vapor extraction
and recovery of nonhazardous organics
Stage 3: baked fill and aggregate materials, cemen-
titious  pozzolanic! material, industrial chemicals;
thermo-chemical stabilization of heavy metals and
thermal decomposition of hazardous organics.

Key words: hazardous cleanup, recyclable, treatment
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Identification of stressors in aquatic systems is criti-
cal to sound assessment and management of our nation's
waterways for a number of reasons. Identification of

specific classes of toxicants  or stressors! can be useful

in designing effective sediment remediation methods and
reasonable options for sediment disposal. Knowledge of
which stressors affect benthic systems allows managers
to link stressors to specific dischargers and prevent fur-
ther release of the toxicant. In addition, identification of

major causes of toxicity in sediments may guide programs
such as sediment quality guidelines and pesticide regis-
tration, while knowledge of the causes of toxicity which
drive ecological changes such as community structure
would be useful in performing ecological risk assess-
ments. To this end, the US Environmental Protection

Agency has developed tools  Toxicity Identification and
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Evaluation  TIE!! that allow researchers to characterize
and identify chemical causes of acute toxicity in sedi-

ments and dredged materials. Developinent of these
methods for both interstitial waters and whole sediments

is nearly complete, and a guidance document is expected

by the end of 2001,
To date, most sediment TIES have been performed

on interstitial waters. Preliminary evidence from the use

of interstitial water TIEs reveals certain patterns in caus-

es of sediment toxicity. First, ainong all sediments test-

ed, there is no one predominant cause of toxicity; metals,

organics and ammonia all play a role in about equal
amounts in causing toxicity, Second, within single sedi-
ment there are usually multiple causes of toxicity; not
just one chemical class is present. Finally, if sediments
are divided into marine or freshwater sediments, TIEs

performed on freshwater sethments indicate a variety of
toxicants in fairly equal proportions, while TIEs per-
formed on marine sediments have identified only ammo-

nia and organics as toxicants, with metals playing a
minor role. However, it is necessary to keep in mind
that a very small number of interstitial water TIEs have

been performed, and these trends may change as larger
numbers of TIEs  both interstitial and whole sediment!

are performed.
Results &om interstitial water TIEs will be dis-

cussed, Methodology and results &om whole sediment
TIEs will also be discussed along with advantages, limi-

tations and application of these methods.

Key words: toxicity assessment, methodologies, TIE
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In areas of sediment contamination, quality guide-
lines are often used for remediation and/or restoration

decisions. To supplement each set of sediment quality
guidelines, bioaccumulation models have been used to
estimate higher trophic level contamination. Although

various models address the bioaccumulative property of

contaminants, none are both accurate and easily imple-
mented. To address this issue, a new bioaccumulation

model for polycyclic aromatic hydrocarbons  PAHs! and
polychlorinated biphenyls  PCBs! from sediment to Mya
arenaria was developed. Basic equilibrium partitioning
theory, i.e. contaminant partitioning between organism
lipid and sediment organic carbon  Bierman 1990! was
used as the model foundation. The model was then aug-

mented by adding PAH and PCB partitioning into mollusc
protein and PAH partitioning into the sedimentary soot
fraction. Data on the PCB and PAH concentrations in

sediment and M. arenaria from Massachusetts Bay,

along with estimates of animal protein and sediment soot
content were used to test this new model. The model

predicts PCB concentrations in M. arenaria with only a
slight variation &om observed data. Predicted PAH con-
centrations are more accurate than concentrations pre-

dicted by other model types, but organism burdens still
remain slightly greater than observed concentrations. To
determine its accuracy, the model should be tested with
data sets in which all parameters are measured.

Bierman, V. 1990. Equilibrium Partitioning and
Biomagnification of Organic Chemicals in Benthic
Animals, Environmental Science and Technology
24 9!: 1407-1412
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Management: Consideration of Spatial and
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This paper addresses the interactions of various

aspects of foraging behavior, habitat characteristics, site
characteristics, and the spatial distribution of contami-

nants in developing exposure of winter flounder to poly-
chlorinated biphenyls  PCBs! from a hypothetical, open
water dredged material management site in the coastal
waters of New York and New Jersey  NY-NJ!. It then
considers the implications of these interactions on human
health risk estimates for local recreational anglers who
fish for and eat those flounder. We also address the

advantages of such spatially explicit modeling in environ-
mental decision making at dredged material management
sites.

The models implemented in this study are a spatial
model to account for realistic exposures and a probabilis-
tic adaptation of the Gobas bioaccumulation model that

accounts for temporal variations of concentrations of
hydrophobic contaminants in sediment and water, We

estimated the geographic extent of a winter flounder sub-

population offshore of NY-NJ based on the species biolo-
gy and its vulnerability to local recreational fishing, the
foraging area of individual fish, and their migration
patterns. We incorporated these parameters and an esti-
mate of differential attraction to a management site into a
spatially explicit model to assess the range of exposures
within the population. The output of this exposure

model, flounder PCB tissue concentrations, provided
exposure point concentrations for an estimate of human

health risk through ingestion of locally caught flounder.
The analysis shows that for the model to obtain median

risks close to the prediction for the spatially non-explicit
case, all spatial parameters would have to be taken at

conservative extremes simultaneously. This practice
"defaulting" to certain conservatism in the face of uncer-

tainty ill serves the decision-making process.
Consideration of realistic spatial and temporal scales in
food chain models can help support management deci-
sions regarding dredged material disposal by providing a
quantitative expression of the confidence in risk estimates.

Key words: spatial model, PCBs, flounder, New
York/New Jersey Harbor
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Capping Efficiency for Metal-Contaminated
Marine Sediment under Conditions of
Submarine Groundwater Discharge
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Theoretical estimations and laboratory studies sug-
gest that capping can effectively retard contaminant
transport under undisturbed conditions. However, con-
taminated near-shore areas, commonly selected as cap-
ping sites, are frequently subjected to Submarine
Groundwater Discharge  SGD!. Four columns were set

up in the laboratory to simulate metal transport through
sediment and capping material in the presence and
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absence of SGD. In the absence of SGD, capping
enhanced Mo flux and initial Mn flux while having no

effect in retarding Fe flux, presumably due to altered

redox conditions. This effect was more pronounced in

the presence of SGD �.7 10' m/hr specific discharge!.
Capping enhanced Cd flux and initial fluxes of Ni, Cu,
and Zn under conditions of simulated SGD, which may

be caused by co-transport with Mn and Fe and oxidation

of sulfide. Capping retarded Cr and Pb fluxes and
steady-state Ni, Cu, Zn, and Fe fluxes in the presence of

simulated SGD. However, capping efficiency decreased
relative to no SGD. Elevated Mn concentration was

detected at the capping surface with simulated SGD.
Results indicate that advective flow may lead to sig-

nificantly higher metal fluxes than under undisturbed

conditions.

Key words: capping, metals, subtnarine groundwater

discharge
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Evaluation of Environmental Effects on

Metal Transport from Capped
Contaminated Sediment under Conditions
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Previous studies conducted in our laboratories have

shown that submarine groundwater discharge  SGD! can
significantly increase metal fluxes from capped contami-
nated sediment to the overlying water. Five columns

were set up in the laboratory to evaluate the effects of

groundwater pH, sediment depth, and groundwater flow
rate on metal transport from capped contaminated
sediment under conditions of SGD. Acidified groundwater
discharge was shown to enhance the mobility of all tested

metals except Mo, Although much of the released metal
was adsorbed by the capping material, increased metal
fluxes to the overlying water were observed for Ni, Cu,
Zn, and Pb. Additional sediment depth enhanced fluxes
for all tested metals except Cd and Pb. Increased SGD

rates did not significantly change the steady-state vol-
mne-normahzed fluxes for all the metals except for Cr

and Mo. However, all metal releases were higher due to

the greater flow at increased SGD rates.

Key words: metal transport, capped sediments,
submarine groundwater discharge
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Numerical Sediment Quality Guidelines:
How Well Do They Accurately Predict
Acute Toxicity and Benthic Effects in

Saltwater?

E. R. LoNG'

National Centers for Coastal Ocean Science
National Oceanic & Atmospheric Administration
7600 Sand Pt. Way NE
Seattle, WA 98115 USA

Data were compiled Irom chemical analyses and

acute toxicity tests of 1513 saltwater sediment samples
to evaluate the performance of empirically-derived sedi-

ment guidelines. The purpose of the study was to objec-
tively quantify the degree to which sediment guidelines
accurately predicted either toxic or non-toxic responses

in laboratory tests. Data were analyzed to both determine

the percentages of samples in which acute toxicity was
observed and calculate average survival within ranges in

the numbers of sediment quality guidelines  SQGs!
exceeded and mean SQG quotients. Within four ranges

in contamination, the percentages of samples that were

toxic were: <10%, 20-30%, 50-60%, and 75%, Average

percent amphipod survival in the same samples
decreased sequentially Rom 92%, to 79-88%, to 59-70%,
and to 37-46%. Numerous other data sets were compiled
to also determine how f'requently benthic infaunal com-

munities were altered when the SQGs were exceeded.

The data analyses indicated that adverse alterations to the
infauna occurred at concentrations approximately an
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order of magnitude lower than those associated with

acute toxicity. Therefore, the data indicated that numeri-

cal guidelines for saltwater sethents are useful in esti-
mating the probabilities that f'uture samples would be
toxic either in laboratory tests or in nature.

Key words: sediment quality guidelines, contaminated
sediments, sediment toxicity, benthic infauna
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Consolidation Settlement of Dredged
Sediinent in a Confined Disposal Facility

EUGENE MARCIANO

GREGQRY MATTHEws

hfalcolrn Pi rnie, Inc.
104 Corporate Park Dr., Box 751
White Plains, NY 10602 USA

PETER DUNLQP

The Port Authority of New York and New Jersey
1 World Trade Center, Floor 68
New York, AT 10048 USA

As part of a study of the Newark Bay Confined
 aquatic! Disposal Facility  NBCDF!, numerical analyses
of the consolidation settlement of the deposited sediment
were performed and the results compared to actual settle-
ment data. The consolidation parameters for the sedi-
ments were estimated using existing data for sediments
from dredged sites within the New York and New Jersey
port area and by inference from measurements of the in
situ void ratios of the placed sethment in the NBCDF, In
addition, approximate analyses were performed using
Terzaghi's Fourier series solution for one-dimensional

rate of consolidation of a single, homogeneous soil layer.
In the approximate analyses, the effect of large

strain on the rate of consolidation of the layer of placed
sediments was accounted for using the suggestion by
Olson �998!, for which he obtained close agreement
between Terzaghi's Fourier series solution and a numeri-
cal solution. Nonlinear compression was taken into
account by using the void ratio versus effective stress

relationship, taken for the sediment, directly and thus
introducing no additional error into the analysis, The
coefficient of consolidation  cv! versus effective stress

was calculated from the permeability versus effective
stress and the void ratio versus effective stress relation-

ships taken for the sediments, and a suitable "average"
value of cv was used for the approximate analysis,

The settlement data and both the numerical analysis
results and the approximate analysis results are similar in
magnitude. Comparison of the data and the results is

used to discuss the degree of accuracy obtainable in pre-
diction of settlements of sediments deposited below
water.

Key words: consolidation, confined aquatic disposal
facility, New York/New Jersey Harbor, CDF
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Design and Permitting of a Nearshore
Confined Disposal Facility in Portland,

Oregon

KtM L, MARCUS

JAMES D. MOORE

URS Corporation
111 SW Columbia, Suite 900
Portland, OR 97201 USA

The Columbia and Willamette River Systems of
Oregon and Washington support a variety of commercial
and recreational navigational interests including deep-
draft access to the ports of Portland, Oregon and
Vancouver, Washington. In this metropolitan area of
approximately 1.5 million people, there are more than
fifty marinas with moorage for thousands of vessels and
numerous point and non-point source discharges of
waste water and storm water run-off that impact sedi-
ment and water quality. Over the 100 years of river
usage, pollutants from these sources such as heavy met-
als, petroleum hydrocarbons, pesticides, herbicides,
organo-tins, polychlorinated biphenyls  PCBs!, volatile-
and semi-volatile organic compounds have rendered cer-
tain sections of this watershed potentially harmful to
human health and the environment, This has led to the

proposed listing of a 6,5 mile section of the Willamette
River known as the Portland Harbor under the U.S.

Environmental Protection Agency's  USEPA!
Comprehensive Environmental Response,



204 ABSTRACTS

Compensation, and Liability Act  CERCLA, a.k.a.

Superfund program.! In addition, the National Marine

Fisheries Service P&fFS! has recently listed as threat-

ened under the Endangered Species Act  ESA!, several
species of salmonids that utilize this vital watershed.

These events, along with ever increasing public aware-

ness have set forth a genuine need for viable solutions to

maintain the navigational and ecological integrity of the

region,

This paper addresses the history of events in Oregon
and what has lead to the planning of a nearshore con-

fined disposal facility  CDF! and the process  legal, tech-
nical, political! that is currently being undertaken. The
site is a 22-acre island parcel originally excavated for the

construction of a marina. The proposed CDF design will

provide a disposal capacity of approximately 1,2 miihon
cubic yards of non-hazardous contaminated sediments

dredged from the Columbia and Willamette Rivers. The

challenges of locating and permitting a CDF in a state
that has never had one and in a freshwater environment

where effects based segment quality criteria have not
been established are formidable. Design efforts have
included containment berm seismic stability improve-

ments, and the use of a geosynthetic clay liner  GCL!
installed in 20 to 25 feet of water as additional security
to prevent contaminant migration off-site. The completed

CDF will be capped, contoured, and revegetated as open
space and riparian habitat.

Key words: contaminated sediments, site selection, CDF,

capping, Portland, OR
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Managing PCB Emissions from
Contaminated Sediment Remediation

Operations: A Risk-Based Chronic
Exposure Budget Approach for Protecting

the Public

RONALD J. MARNICIO

Foster Wheeler Environmental Corporation
133 Federal Street, 6th Floor

Boston, MA 02IIO USA

MICHAEL A. BILELLO

Foster Wheeler Environmental Corporation
Technology Park,
302 Research Drive

Worcross, GA 30092 USA

The remediation of contaminated sediinents is often

accomplished by dredging the contaminated material and

transporting it to a confined disposal facility. While
these actions lead to a long term improvement in the

quality of the local sediment and surface water, a short

term increase in ambient air polychlorinated biphenyls

 PCBs! concentrations may result during the implemen-

tation of the remedial construction activities. Volatile

PCB compounds and congeners may be released during

dredging, materials handling and transport, dewatering
and water treatment, and disposal facility filling opera-
tions. These releases contribute to increased ambient air

concentrations above background levels at downwind

locations where residents or commercial workers in the

public may be exposed. The airborne concentrations at

the points of public exposure are influenced by; the type,
magnitude, timing and spatial distribution of the emis-

sion sources  e.g., dredges and disposal facilities!; the
level of sediment contamination present; and the local

meteorology and air dispersion patterns between the
sources and the public receptors. Maximum ambient con-
centrations of airborne PCBs may be calculated to meet

target risk goals given prescribed exposure and retnedia-

tion production scenarios, Taken together, calculated
risk-based exposure point concentrations may be corn-
bined with local dispersion behavior to develop a cumu-

lative exposure budget relationship that can be compared
to actual monitoring data to ensure that air concentrations

at public exposure points would not exceed risk-based tar-

get values over the course of the project. This relation-
ship can be identified for different points in time as the

location of dredging operations and the quality of the
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contaminated sediments change. A program of air action

levels, monitoring objectives, and management triggers
and required responses that is built around such a chronic

exposure budget can be demonstrated to be protective of
all members of the potentially affected public. An
approach for establishing a program for risk-based man-
agement of PCB emissions from contaminated sediment

remedial construction activities is presented and
discussed.

Key words: air action levels, PCBs, sediment, risk

management, air monitoring
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Alternative Approaches to Sediment
Toxicity Testing: Reverse- TIE and Critical

Body Residues

ANNE McELRQY

BRUCE J. BROWNAWELL

Marine Sciences Research Center

SUM' at Stony Brook
Stony Brook, NY 11794 USA

The presence of contaminated sediments in urban

harbors raises management concerns with regards to
dredging and dredge disposal, seafood safety, and the
health of aquatic organisms. Elevated levels of a wide
range of persistent organic contaminants and a handful of

metals have been documented nationwide, yet many of
these compounds have limited bioavailability.
Determining which chemicals in urban sediments are

contributing most to toxic effects will help focus
enforcement and source reduction activities. There are a

number of approaches for evaluating sediment toxicity.
Methods that involve selective removal of contaminants

 i.e., ammonia, selected metals, relatively hydrophobic
organic contaminants! are typically referred to as toxicity
identification evaluation  TIE!, and have been most fre-

quently employed in effluent testing. More recently the
TIE approach has been extended to evaluate sechment

pore water or whole sediments  e.g., mixing of sediment
with selective sorbent materials!. Pore water TIE tests

have fundamental limitations for highly bioaccumulative
chemicals such as hydrophobic organic chemicals

 HOCs! and mercury, The small solution volumes typi-
cally used in static pore water assays severely limit the
exposure concentrations of contaminants with biocon-

centration factors  BCFs! of >103 � 104. Under these

conditions, most of the contaminant in solution is quickly
accumulated by the test organisms. Exposure levels may
be lowered further by contaminant loss to volatilization
or sorption to container surfaces. Whole sediment TIE

methods have only recently begun to be developed. In
this paper we discuss recent work taking two alternative

approaches to sediment. toxicity assessment. In the first
we used Amberlite resins to isolate easily desorbable
HOCs Rom highly contaminated urban sediment, This
material was then amended this material onto reference

sediment to assess toxicity using tests with the amphipod
Ampelisca abdita. We term this approach "reverse-TIE"
as instead of inferring toxicity by selective removal of
contaminants as in done in conventional TIE, the actual

toxicity of specific &actions can be tested directly.
Another advantage of this approach is that material iso-

lated can be chromatographically separated into com-
pound or compound-class specific Iractions, and these

testing independently. A second approach employing a
micro-extraction techniques measuring critical body
residues  the body burden of contantinant at 50% mortality,
LD50! was also used to assess sediment toxicity. In

these experiments, LDSOs for Antpelisca exposed to a
suite of standard organic toxicants were compared with
contaminant body burdens in animals exposed to sedi-
ments Irom U.S. Environmental Protection Agency's

 USEPA! Regional Environmental Monitoring and
Assessment Program  REMAP! study of the New

York/New Jersey Harbor Complex in 1998. The results
of this work provide insight on which chemical classes

may or may not be causing toxicity observed in standard
tests with New York/New Jersey Harbor sediments, and

provide promising approaches that compliment more
traditional approaches to sediment toxicity evaluation.

Key words: sediment toxicity, toxicity assessment, TIE
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The Use of Sediment Trend Analysis
 STA.! in Dredged Material Management

PATRICK MCLAREN

Geosea Consulting  Canada! Ltd.
789 Saunders Lane

Brentwood Bay, British Columbia
V8M 1C5 Canada

Sediment trend analysis  STA! is a technique that
enables patterns of net sediment transport to be deter-

mined by relative changes in grain-size distributions of
all naturally occurring sediments. In addition, STA can
deteimine the dynamic behavior of bottom sediments

with respect to erosion, accretion or dynamic equilibri-

um, Invented by GeoSea Consulting, STA has been used
in dredging and harbor management concerns in over 70

projects worldwide. The data requirements are sediment

grab samples collected at a regular spacing that is deter-
mined by the area under consideration. The samples are

analyzed for their complete grain-size distribution using
a laser technique. Transport pathways are then deter-
mined by searching for sample sequences whose distri-

butions change according to the "rules of transport,"

STA has been particularly useful in many dredged
material management issues including  i! locating dis-

posal sites to minimize environmental impact,  ii! pre-
dicting the fate of dredged material.  iii! locating con-
fined aquatic disposal  CAD! sites to ensure minimum

disturbance,  iv! providing alternative routes for naviga-
tion channels to minimize dredging,  v! directing numer-

ical models  vi! planning habitat restoration projects,

 vii! assessing remediation options for contaminated
sites, and  viii! providing a fundamental data base for all
environmental concerns. This talk will describe briefly

the theory of STA, which will then be followed by a
presentation of a number of specific studies undertaken

in Europe, Canada and the United States demonstrating
its use in all the above described dredged material man-

agement issues.

Key words: sediment transport, dredged material

management, trend analysis
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Detrimental Effects of Sedimentation on

Marine Benthos: What can be Learned

from Natural Processes and Rates' ?

DOUG MILLER
CHRISTINE MUIR

OLIVIA HAUSER

Graduate College of Marine Studies
University of Delaware
700 Pilottown Rd,

Lewes, Delaware 19958 USA

Sediment movement, erosion, and deposition are
natural processes to which benthic organisms are adapt-
ed. Benthic infauna burrow upwards and downwards

with these events to maintain an ideal position in the sed-

iment. Laboratory studies have cataloged the range of
responses to flow and sediment movement that allow

benthos to survive under intense storm-generated condi-

tions including resilience to sandblasting by bedload

lxallsport,

Sedimentation patterns are often altered significantly
with commercial and recreational modifications of the

marine environment. While the scales of these alterations

greatly exceed that of natural occurrences, there is little
quantitative information vital for predicting how materi-
als placement will aflect the ecology of these environ-

ments, If biological effects are appropriately parameter-

ized, is it possible to predict disturbances and to design
management projects that will minimize these distur-
bances while still maximizing the benefits?

In Delaware Bay, we are using several approaches to
determine what rates and trequencies of sediment move-

ment are natural events, and further, what rates and fre-

quencies are detrimental to representative benthic

species, developmental stages and functional groups.

Transects for determining erosion and deposition rates

were established at four beach sites along lower

Delaware Bay. Concurrently, we are using a lab approach

to establish what sedimentation rates and frequencies are
detrimental to infauna, epifauna, and functional groups.
Laboratory burial experiments include measurements of

limiting depth and frequency of sedimentation. We are
also investigating the susceptibility of the Bay's hard-
bottom epifauna to natural disturbances using side scan

sonar and a laboratory water tunnel,
These results are intended to address the ecological

aspects of dredge materials placement and site selection.
Quantifying, natural sedimentation rates and the
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susceptibility of macrofaunal functional groups is one

approach towards predicting environmental impacts. If

materials placement can be planned to be analogous to

natural events, then coriununity responses will follow

natural seasonal and successional trends, When sedimen-

tation exceeds natural thresholds, ensuing impacts will

likely involve total loss of the community and subse-

quent colonization by pioneer species. Thus an entirely

different suite of ecological processes will drive impacts

and recovery, potentially leading to dramatically altered
benthic communities.

Key words: sedimentation, erosion, Delaware Bay, site
selection, benthic community
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Confined Disposal Facilities  CDFs!: Great
Lakes Experience

JAN A MfLLER

U.S. Army Corps of Engineers
Great Lakes Center

111 North Canal Street

Chicago, 1L 60606 USA

Confined disposal facilities, or CDFs have been

used for the management of dredged material from Great

Lakes sites that is contaminated and not suitable for open
water disposal, Confined disposal is used for about one-
half of the sediments dredged to maintain Great Lakes

navigation channels, which is approximately 2 million
cubic yards per year. Forty-four CDFs have been con-

structed by the Corps of Engineers in cooperation with

state and local partners to manage contaminated sedi-
ments from Great Lakes ports and channels since the late
1960's. Confined disposal has also been used at the vast

majority of sediment remediation projects around the
Great Lakes, of which there have been about 40 in the

past fifteen years,
The Great Lakes CDFs have had their share of con-

troversy. Among the most common environmental con-
cerns raised about CDFs are the significance of long-

term releases of contaminants through CDF dikes and

the biouptake of contaminants by plants and animals that
inhabit the CDFS. 'IIte U.S. Army Corps of Engineers

 USACE! and U.S. Environmental Protection Agency

 USEPA! have collaborated on several interagency work-

ing groups and special studies to address public and
agency concerns about contaminated sediinent manage-
ment and CDFs. These studies included contaminant

loss modeling, biomonitoring and risk analysis. Federal

and state agencies have partnered to form the Great

Lakes Dredging Team, which is facilitating public out-

reach on regional dredging issues and actively promoting
the beneficial use of dredged material as an alternative to
new CDFs. The USACE and USEPA are conducting a

number of demonstrations of technologies to reclaim
beneficial materials &om Great Lakes CDFs.

The USACE and USEPA are currently working on a

joint report to Congress on Great Lakes confined dispos-
al facilities, This report will summarize the history of

the CDF program, coordination, outreach, and special
investigations, and provide an analysis of the overall
impacts of these facilities on the Great Lakes environment.

Key words: CDF, Great Lakes
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Toxicity Testing, Risk Assessment, and
Options for Dredged Material Management
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U.S. Environmental Protection Agency
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The U.S. Environmental Protection Agency

 USEPA!, in conjunction with the U.S. Army Corps of
Engineers  USACE!, has lead responsibility for develop-

ing guidelines that provide environmental criteria for
evaluating proposed discharges of dredged material into
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U.S, waters, To comply with these guidelines, proposed

discharges must: a! present the least environmentally

damaging, practicable management alternative; b! com-

ply with established legal standards; 3! not result in sig-
nificant degradation of the aquatic environment; and 4!

utilize all practicable means to minimize adverse envi-
ronmental impacts. In the "Inland Testing Manual"
 ITM! and the "Green Book", the U.S. Environmental

Protection Agency  USEPA! and U.S. Army Corps of
Engineers  USACE! described a testing and analysis pro-
tocol to be used to evaluate whether guideline criteria are

met for dredged material disposal in inland waters and

open ocean waters, respectively.
The evaluation programs described in the ITM and

Green Book were designed to support informed manage-
ment decisions about the placement of dredged sedi-

ments. They specify a tiered testing and evaluation

approach that includes performance of bioassays to
assess toxicity of the dredged sediments to species
inhabiting the disposal site. Both water column and bed-

ded sediment toxicity tests are incorporated, and sedi-

ment bioaccumulation tests are specified when bioaccu-

mulative chemicals are present in the dredged material at

sufficiently high levels. Early tier toxicity tests focus on
acute responses, whereas later tier testing  when

required! can employ longer test exposures and sublethal
endpoints. In all cases, the toxicity of dredged material
proposed for disposal is evaluated against toxicity meas-
ured in a suitable reference sediment. As part of this

talk, we will describe toxicity tests currently used in

dredged material evaluations, and will suggest ways to
improve the battery of tests,

Although current U.S. evaluation protocols incorpo-
rate both exposure  sediment chemistry and bioaccumu-

lation! and effects  toxicity! components, and therefore
reflect to some degree the toxicological risks associated
with disposal activities, the focus of analysis activities is

hmited to the sediments of each dredging project sepa-
rately, Thus cumulative risks to water column and ben-

thic organisms at and near the designated disposal site

are difficult to assess. An alternate approach is to focus
attention on the disposal site, with the goal of under-

standing more directly the risks of multiple disposal
events to receiving ecosystems. Here we review an

application of ecological risk assessment that allows
specification of disposal site receptors and assessment
endpoints, recognition of variation in exposure conditions
 including the discharge sequence of sediments from dif-
ferent projects!, and consideration of the temporal and

spatial components of risk. When expanded to include
other disposal options  upland, wetland!, this approach to
assessing risks to receiving ecosystems can provide the

basis for holistic management of dredged material dis-

posal. This presentation does not necessarily reflect the

position or the policy of the USEPA, and no official
endorseinent should be inferred.

Key words: disposal, toxicity testing, risk assessment,

risk management
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Risks of Polluted Sediment Disposal at Sea

TOM O' CONNOR'
Rational Oceanic and Atmospheric Administration AtOS
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Silver Spring, MD 20910 USA

Dredged sediment in the United States cannot be

dumped at sea if whole sediment is toxic to test organ-
isms or if certain chemicals are bioaccumulated from it.

However, risks to individual human consumers of

seafood, risks to individual members of endangered pop-

ulations, and risks to populations of marine organisms
depend more on the location and size of a dumpsite than
on intrinsic characteristics of sediment. For example,

since an ocean dumpsite occupies less than 0.1% of the

area required by a living marine resource, a fish taken at
a dumpsite would represent a very small fraction of any
person's seafood intake. Such considerations are central

to estimates of risk of sewage-sludge applied to gardens
and farms, where allowable levels of chemical contami-

nation are well in excess of what is found in dredged

sediment, and should apply to sediment disposal,
Biological changes at a dumpsite are inevitable just as

they are for disposal at any terrestrial or aquatic location.
By obvious choice, no site designated for dredged mate-
rial dumping is in a uniquely important area where, for
example, populations congregate to spawn or early life
stages find refuge from predation. By recognizing that
local biological effects are inevitable and that risks to

humans from local contaminant accumulation by fish
and shellfish are diminished by the widespread distribu-
tion of seafood, judgments on ocean disposal of dredged
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material can be based on wider considerations than just
characteristics of the material. The crux of the issue is to

assess the risk to marine populations and to public health
posed by the movement of contamination away from a
dumpsite. Biological tests on whole sediment are of lit-

tle use in that regard,

Key words: contaminated sediments, sediment disposal
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Design Requirements for Contained Aquatic
Disposal Pits
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Contained Aquatic Disposal  CAD! is an option for
placement of contaminated sediments in existing or con-
structed subaqueous pits or other features providing lat-

eral containment followed by placement of a cap of
clean isolating material. The design of a CAD project

requires a specific sequence of evaluations to ensure the

project can be contained at the site and that water quality
and cap effectiveness is maintained in the long term.

Sizing of the pits with respect to volume, excavated
depth, surface area and dimensions is a critical design
requirement for this option. Constraints with respect to
erosion, consolidation, and cap design all influenced the
long term effectiveness, A variety of evaluation methods
are applicable for CAD design to include laboratory test-

ing of the materials and the application of several types
of computer models. This presentation summarizes the

recommended design approach for CAD projects to
include these considerations:

Site selection � Site conditions have major implica-
tions for the design and costs of a CAD option.

Design objectives - An overall design objective for CAD
is to provide sufficient volumetric capacity to accommo-

date the required volume of dredged material and to iso-
late the material from the aquatic environment.

Geometry � Size and orientation of the depression
forming the CAD will influence the storage volume,

ability to retain materials within the site during placement,
water quality, and the long-term stability of the site.

Fill sequencing - The sequence of excavation, use of
excavated material, placement sequence of contaminated
sediment layers, interim and final caps, and long term fill
requirements will influence the overall effectiveness of
the CAD for contaminant retention.

Placement operations � Conventional discharge from
barges, hopper dredges, and pipehnes is appropriate for
many CAD applications. Diffusers, tremie approaches,
submerged discharge, spreading techniques, or other con-
trol measures may be considered, but these could sub-
stantially add to costs.

Dispersion and retention during placement � The
contaminated materials must be placed in the CAD pit
such that water column impacts from releases of contam-

inants during placement are acceptable and the material
is effectively retained within the site.

Cap design - The composition and dimensions
 thickness! of the cap must be compatible with available
construction and placement techniques. Cap design must
account for bioturbation, erosion, consolidation, and long
term chemical isolation.

Monitoring - Monitoring is required to ensure the
design objectives are met and should include physical,
chemical, and biological components to address the

processes of concern.

Key words: capping, CAD, contaminated sediments,
consolidation, modeling
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Dredged Materials and Environmental
Restoration: A Win-Win Story?
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The use of dredged material in environmental

restoration or rehabilitation programs represents an

almost unique circumstance where two types of prob-
lems are solved with a single action. The need for dredg-

ing may be initially prompted by a societal need for con-
tinued or new economic development, while the avail-
ability of material for new substrate in or near coasts and

waterways can produce environmental effects increasing

the overall societal benefit associated with the project.
Individual projects can move hundreds of thousands of
cubic yards of material and result in hundreds of acres of
new or rehabilitated wetlands, In Louisiana, even dredg-
ing projects in the Chenier Plain remote f'rom the contin-

ually dredged Mississippi River, have created almost 500
acres of wetlands within the last several years. However,
such 'beneficial uses' do not come easily and require

exceptional cooperation among state, federal and local
governmental agencies as well as landowners and others
interested in solving environmental problems. The move-
ment of large volumes of sediment &om one location to

another disrupts existing 'habitats' at both the dredging
location and the disposal site, Consequently, the environ-
mental effects must be carefully evaluated in the light

not just of the proposed benefit for one particular restora-
tion goal but in terms of the habitats that are lost or
replaced by the dredging or material placement.

Dedicated dredging for environmental benefits
involves the same kind of trade-offs. While many may

recognize the need for greater wetland acreage to offset
losses associated with development, commercial har-

vesters who live from catch to catch will not always

accept changes in depth and character of dredged water-
bodies as well as increased turbidity associated with

dredging activities. Education concerning the long-term
need to sustain ecosystems to support harvestable species

is frequently seen as the solution � more pragmatically,
compensation for losses included as part of project costs
may be the best short-term solution.

Despite these challenges to implementation, aII over

the world, dredged material is being used to rebuild lost
substrate, kick-start restoration projects, and provide

habitat for important species. Economic growth and
environmental restoration are frequently incompatible

objectives in planning and management. Beneficial use
of dredged material is an issue where societal and envi-

ronmental needs can converge � the challenge is in plan-

ning material use such that worthwhile environmental
projects can be implemented at the time and in the place

where the dredging tnust take place.

Key words: Louisiana, environmental management,

planning, Gulf of Mexico
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The dredging of ports and harbors is an economic

necessity that cannot be avoided. Historically, dredged
materials have been used as fill to create upland habitats

or placed offshore. Upon realization that filling aquatic
habitats with dredged materials was significantly impact-
ing species abundances and environmental quality, find-
ing acceptable disposal options for dredged material
became a top priority. The Dredged Material
Management Plan  DMMP! has been initiated by the

U.S. Army Corps of Engineers, New York District

 USACE-NYD!, in cooperation with the Port Authority
of New York/New Jersey, to investigate cost-effective
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and environmentally acceptable alternatives for the
placement and disposal of contaminated and non-con-

taminated dredged materials. USACE-NYD produced a
technical report under the DMMP describing potential
beneficial uses of dredged material from the NY/NJ

Harbor for habitat creation and enhancement. The

advantages, disadvantages, potential volumes, and esti-
mated costs associated with each creation/enhancement

option are analyzed. While beneficial use options in
NY/NJ Harbor will not consume all of the material being
produced by maintenance dredging, the potential of con-
suming significant amounts of dredged material in the
future, while enhancing the overall environmental quality
of the Harbor has become a top priority.

Key words: beneficial use, New York/New Jersey
Harbor, contaminated sediments
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Pilot In-Situ Capping Project at the Palos
Verdes Shelf

FRED SCHAUFFLER
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In July 1996, the U,S, Environmental Protection

Agency  USEPA! began a Superfund investigation of the
43-square kilometer area of dichloro-diphenyl-
trichloroethane  DDT!- and polychlorinated biphenyl
 PCB!-contaminated sediments in an area known as the

Palos Verdes Shelf near Los Angeles, California. The
sediments, termed effluen-affected, are present as a
result of discharges from the ocean outfall system operat-
ed by the Los Angeles County Sanitation Districts.
USEPA's investigation has included an evaluation of
human health and ecological risks posed by the DDT-
and PCB-contaminated sediments, as well as an evalua-

tion of potential clean-up actions. USEPA looked at a
number of options for sediment restoration and identified

in-situ capping as the most feasible cleanup action that
could be taken in the near term to address human health

and ecological risks at the site.

As part of its ongoing evaluation of in situ capping,

USEPA undertook a pilot capping project at the site in
the summer of 2000. This demonstration project consist-
ed of capping all or a portion of three 0,18 square kilo-
meter �5-acre! cells at water depths ranging from
approximately 40 to 60 meters, Two types of cap mate-
rial were used in the pilot project  a fine-grained sedi-
ment and a coarser-grained sand! and a variety of
sediment disposal  i.e., cap placement! methodologies
were tested.

The overall objective of the field pilot study is to
demonstrate that a cap can be placed on the Palos Verdes
Shelf and to obtain field data on the short-term processes
and behavior of the cap as placed. An extensive environ-
mental monitoring program collected data before, during
and after cap placement that will be used by USEPA to
address key short and intermediate term questions rela-
tive to capping on the Palos Verdes Shelf.

Key words: capping, DDT, PCBs, superfund, Palos
Verdes shelf, California
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Sorption and Transport of Hydrophobic
Contaminants through Sediment Caps:

Incorporating the Effects of Benthic
Infauna

EUGENE D, GALLAGHER

University of Massachusetts, ECOS
Boston, MA 02025 USA

Capping is a commonly used method for confining
contaminated sediments. However, quantitative theories
for determining optimal cap thickness that include the
effects of mixing by benthic organisms are lacking, The
goal of this study was to develop a mathematical model
to predict the fate and transport of contaminants within a
sediment cap due to bioturbation by organisms colonizing
the capped sediments. The model was used to predict
the cap thickness required to isolate contaminants from
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surface sediment and the water column. Benthic biologi-

cal data collected in Boston Harbor were used to predict

the minimum cap thickness required for a capping proj-
ect in Boston Harbor. The biological data were collected

from a sub-tidal site near the capping area that possessed

sandy sediments. Thus, the potential existed for the sand

caps to be colonized by a community similar to the one

at the nearby sampling site.

The model predicted that a 20-cm thick cap would
be sufficient to contain hydrophobic contarniuants pos-
sessing an organic carbon-water partition coefficient

 k ! greater than 106. For contaminants with lower val-
ues of k, a cap as thin as 5 crn would be suAicient to
limit surface sediment concentrations.

Key words: CAD, benthic infauna, Boston Harbor, MA
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Canonical Analysis Benthic Communities in
Boston Harbor: Any Changes Since the

Initiation of Clean-Up Efforts' ?

EUGENE D. GALLAGHER

University of Massachusetts, ECOS
Boston, MA 02025 USA

Steep gradients in sediment type and contaminant
concentrations in Boston Harbor have resulted in strong

gradients in benthic community structure. Furthermore,

contaminant loadings have changed greatly since the ini-
tiation of cleanup efforts in 1991. If benthic communi-

ties were responding to these environmental changes, we

would expect to observe strong temporal changes in the
benthos as well.

We have applied a new variation on a statistical

technique broadly referred to as canonical analysis to the
Massachusetts Water Resource Authority  MWRA! benthic
dataset �991-1998! to examine the spatial and temporal

patterns in benthic community structure. The analysis
identified the most important environmental factors that

determine the observed spatial patterns. We also found
that changes in community structure following the initia-

tion of clean-up efforts have been comparatively small.

Key words: Boston Harbor, MA, canonical analysis,

benthic community
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Monitoring PCBs in Benthic Marine
Fishery Resources

JAcK P. ScHWARTz

NINA M. DUsTGN

CARoL A, BATDQRF

WILLIAM SULLlvAN

PETER T. KELLIHER

Massachusetts Division of Marine Fisheries
Annisquam River Marine Fisheries Station
30 Emerson Avenue

Gloucester, MA 01930 USA

Coastal dredging projects are necessary in urban
harbors to provide safe navigation for ships used for
commerce, national defense and recreation, and to sup-

port urban redevelopment projects. These projects typi-
cally require disposing of harbor sediments laden with
chemical contaminants accumulated from many decades

of industrial activity, The process of deciding how, when,
and where to dispose of such material is difficult because

consideration is needed for multiple environmental and
societal concerns including adverse eflects of contaminants

on fishery resources and habitats, economic impacts to

those who derive benefits from these resources, and degra-

dation of ecosystems from pre-existing conditions, Con-
taminant information for pre-existing resources in areas

considered to receive dredge disposal material is necessary

to determine disposal safeguards before a project begins.
We used two benthic marine fishery resources, the

American lobster and winter flounder, to monitor con-

taminants and report concentrations of polychlorinated

biphenyls  PCBs! in samples collected over the past sev-
eral years in most Massachusetts bays and two urban

harbors. These species accumulate PCBs by eating and

living on surface sediment, and provide a picture of
existing PCB contamination in many areas. Recent
trends show PCB levels have been fairly constant nrtd
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relatively low. Both harbors show signs that PCB accu-
mulation is not increasing and possibly declining, a find-
ing consistent with national trends. Assessments such as

this can be useful for determining pre-existing conditions
at candidate sites for dredge material disposal and aid in
the design of control measures necessary to protect fishery
resources and their habitat.

Key words: PCBs, lobster, flounder, Massachusetts, site
assessment
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Dredged material has not been used extensively for
enhancement or creation of wetlands in the Pacific

Northwest region, where �! dredging volumes are com-
paratively low compared to other regions, �! deep-water
disposal is typicaHy the more econoinicaHy acceptable
practice, and �! erosive environments threaten long-term
sustainability of fill projects. Except where justified for
sediment remediation  e.g�capping!, habitat creation
proposals that involve trade-offs between subtidal and

intertidal resources tend to be poorly justified and untest-
ed, and the few cases studies have shown the danger of
taking single-resource  e.g., fisheries habitat! approaches
in dynamic estuarine ecosystems. Several of these case
studies illustrate disposal projects intended to provide
intertidal or shallow-water habitat, where shallow-

water/intertidal habitat for juvenile salmon is typically
the primary target. Some dredge material projects in the

region have demonstrated the feasibility of creating or
contributing to fisheries habitat, but many have resulted
in marginal habitat or even counterproductive ecosystem
responses. However, compelling pressures for restoration
of tidal wetlands to support recovery of Endangered
Species Act  ESA!-listed salmon presents increased
opportunities for dredge material use, such as in sedi-

ment supplementation of breached-dike restoration proj-
ects and beach nourishment. Historically diked estuarine

wetlands typically undergo subsidence, which in this
region may be on the order of 0,75-1.5 m that will likely
require decades to restore the pre-dike marsh plain.
Acceleration of marsh revegetation and marsh progradation
could be enhanced by thin-layer distribution of unconta-

minated dredged sediments to raise the base elevation
upon which natural sedimentation can occur, Beach
nourishment of marine shoreline restoration sites may
also provide the means to enhance or accelerate redevel-

opment of shorehne drift sectors starved of natural sedi-

ment inputs and enhance or restore potential eelgrass
 Zostera marina! habitat. In aH cases, use of dredged
material must be used as an intermediate step that will
promote natural sedimentation and revegetation process-
es, rather than as an engineered ecological "endpoint" of
questionable sustainability and ecosystem contribution.

Key words: intertidal, habitat restoration, Pacific
Northwest
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New Concepts in Ecological Risk
Assessment: Where Do We Go from Here?
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Since the first use of the term ecotoxicology in
1969, this science has evolved to serve the needs of envi-

ronmental risk assessment, Although risk assessment
involves characterization of both effects and exposures,
the dominance of biomedical approaches to hazard and
risk assessment resulted in similar uses of single-species
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test data as surrogates for the purposes of environmental

risk assessment. Through the use of safety factors, this

approach was adequate for use in protective hazard
assesstnents and criteria setting but, because it does not

consider the presence of multiple species each with a

particular sensitivity or the interactions that can occur

between these species in a functioning community, it was
ill-suited to environmental risk assessment. Significant

functional redundancy occurs in most ecosystems but

this is poorly considered in single-species tests conducted
under laboratory conditions,

A significant advance in effects assessment was the
use of the microcosm as a unit within which to test inter-

acting populations of organisms. The microcosm has
allowed the measurement of the environmental eAect

measures such as the NOAEC community under labora-

tory or field conditions and the application of this and

other similarly derived measures to ecological risk
assessment. More recently, distributions of single-
species laboratory test data have been used for criteria

setting and, combined with distributions of exposure
concentrations, for risk assessment. Thus, lower per-

centiles of distributions of species sensitivity values have

been used in an a priori way for setting environmental

quality criteria such as the FAV, FCV, and HC5, Similar
distributional approaches have been combined with mod-

eled or measured concentrations to produce estimates of

the joint probability of a single species being affected or
that a proportion of organisms in a community will be
impacted in a posteriori risk assessments. These

approaches have recently been incorporated in new rec-
ommendations for ecological risk assessment for pesti-

cides as suggested through the ECOFRAM process
While some of these developments have addressed

risk assessments of toxic substances in sediments, the

use of the techniques has not been widely applied for
risk assessment of dredged materials. This paper will
chronicle these developments in ecotoxicology in the

larger framework of the developing science of ecological
risk assessment and draw attention to components of the
process that could be applied to risk assessment for sedi-

ments, dredged material and other similar matrices.

Key words; ecotoxicology, risk assessment
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Creating and Restoring Wetlands with
Dredged Material: A Summary of

Approaches and Issues
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After three decades of experience, environmental
managers continue to question the use of dredged materi-
al for creation and restoration of wetlands. Different uses

of the term "success," poor recognition of the limitations

of research design, and poor understanding of wetland
development over time  trajectories! have contributed to
confusion. Through a series of case studies and sum-

maries of ongoing research, this presentation provides an
overview of methods used to create wetlands with

dredged material, focusing primarily on standard meth-

ods using hydraulically dredged material pumped

through pipelines but also covering other methods, such
as thin-layer placement. Case studies illustrate innovative

approaches to working within the context of natural geo-

morphology, creation of tidal creeks and pools, and con-

struction of protective structures. Data from a number of
sources show that some characteristics of dredged rnate-

rial wetlands are indistinguishable &om those of nearby

natural wetlands, while other characteristics are clearly

different, Data from recently completed studies show
that trajectories of increased similarity over time between

dredged material wetlands and natural wetlands can be
observed for some variables and under some circum-

stances, but not for others. Information from this presen-

tation is intended to improve understanding among natu-

ral resource managers, biologists, planners, and engi-
neers involved with dredged material wetland projects.

Key words: habitat restoration, methodology
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This work applied new investigative techniques to
assess the locations, distributions, and associations of

polycyclic aromatic hydrocarbons  PAHs! in dredged
harbor sediment. Dredged materials from the Milwaukee

Confined Disposal Facihty were collected and homoge-
nized to provide sufficient sample for four month
bioslurry treatment testing and for PAH analyses on vari-
ous size and density fractions before and after biotreat-

ment. Sediment PAH analyses included both whole-sam-
ple measurements and, most importantly, the determina-
tion of PAH distribution by sediment particle size and
type. Physicochemical analyses included room tempera-
ture Tenax bead aqueous desorption experiments and

thermal program desorption-MS studies to assess PAH

binding energies on sediment particle types. Thermal
programmed desorption-MS experimental protocols and

data reduction techniques were developed to evaluate
apparent PAH binding activation energies on sediment
particles. Microbial ecology testing used polar lipid fatty
acid  PLFA! and DNA procedures and radiolabel micro-
cosm studies. Earthworm bioassays studied the acute
toxicity effects and PAH bioaccumulation from untreated

and biotreated PAH-impacted dredged materials,

Overall, the results were used to synthesize and correlate

data to assess the availability and treatability of PAHs in
dredged sediments.

The significant findings of this work were: the
release of PAHs is dependent both on PAH molecular
weight and the character of the sediment sorbent materi-

al; two principle sediment particle classes dominated the
distribution and release of PAHs � clay/silt and coal-
derived; PAHs were found preferentially on coal-derived
particles; clay/silt particles released PAHs more readily
than coal-derived particles; bioslurry treatment reduced

PAHs on the clay/silt fraction but not the coal-derived

fraction; PAH reduction in clay/silt fractions by biotreat-

Inent resulted in significant reduction in earthworm PAH

bioaccumulation; PAHs on coal-derived particles were
associated with high binding activation energies; and

changes in the phenotype and genetic potentials of the
extant microbiota can be used to assess intrinsic

biodegradative potential, The benefits of this work

include: improved assessment of toxicity aud risk for
PAH contaminants in sediments by use of particle-scale

techniques to assess PAH distribution and behavior;

improved assessment for the potential success of
biotreatment through understanding of factors contribut-

ing to available and unavailable PAH Iractions; improved

decision making regarding sediment quality criteria for
PAHs and the biotreatment of PAH-impacted sediments;

and reduced treatment costs and greater likelihood for

reuse of dredged sediments through knowledge of the

underlying processes affecting PAH locations, availabihty,
treatability, and toxicity.

Key words: biotreatment, contaminated sediments, CDF,
PAH
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Use of Seafloor Visualization Tools for

Dredged Material Monitoring and
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Efforts to evaluate the physical and environmental
effects of dredged material placement on the seafloor tra-

ditionally have been hampered by the inability to visual-
ize the affected environment. A variety of seafloor mon-

itoring/remote sensing techniques, such as high-resolu-
tion bathyme~, sidescan sonar, subbottom profiling, and
sediment-profile imaging, have been developed and
refined in response to the need for more effective visuali-

zation tools. The emergence of Geographic Information
Systems  GIS! software for the desktop PC represents a
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much-needed advancement in the state-of-the art by

facilitating easy organization, manipulation, and wide-

spread access to the results of remote sensing surveys.

The purpose of this presentation is to demonstrate

how various sea floor remote sensing techniques, com-

bined with GIS-based visualization tools, have proven

effective for monitoring and managing dredged material
placement in coastal environments. We will present

results from recent studies in which clean sand has been

used to cap contaminated dredged material at open-water
disposal sites in both New England and New York, as

well as results from monitoring the placement and cap-
ping of dredged material in in-channel confined aquatic
disposal  CAD! cells in Boston Harbor.

Key words: seafloor visualization, dredged material

management, monitoring, GIS, CAD
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The Difficulties of Dredging and Placement
for Beneficial Use Projects
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The Port of New York and New Jersey's goal of

being the Northeast Hub Port for the 21st century will be
achieved only if it can provide 15-meter channels to

service the new 6000 TEU, and larger, post-panamax
vessels. However the Port is naturally shallow � meters

deep! and must dredge its channels and berths to serve
these deep-draft vessels. Annual maintenance dredging

requirements are approximately 1,5 million cubic meters

�.9 million contaminated and 600,000 uncontaminated!.
New channel construction for 12.5, 13.7 and 15-meter

projects will require the additional excavation of 7.6 mil-

lion cubic meters of contaminated sediment, 31 million

of clean sediment, and 6.5 million of rock during the

next 12 years.

Clean dredged materials, including rock, sand, clay
and silts/clays mixtures, are currently used beneficially at
the Historic Area Remediation Site  HARS! and at off-

shore fishing-reef locations. Contaminated sediments

currently are being beneficially used at upland sites in

New Jersey or Pennsylvania or, in some limited cases,

disposed at the Newark Bay Confmed Disposal Facility,
New York is developing an upland demonstration project
at the Pennsylvania landfill.

The dredging and disposal processes are changing in
character since inaterial has been directed to HARS and

upland locations for beneficial use. A number of areas of

difficulty have arisen during the dredging and material

processing, specifically: regulatory uncertainty, shallow
cuts, debris, water management, low production rates,

heavy vessel traffic, discontinuous operational require-
ments and public opposition. These problems are caus-

ing dredging costs to rise and project schedules to be
threatened. Resolving these and other issues are critical
to the Port's ability to deliver the promise of 15-meter

channels and to maintain these channels in the future,

This paper describes the Port Authority of New York and
New Jersey's activities to ameliorate or to resolve each

of these difficulties in concert with its dredging contrac-

tors and ocean carrier customers.

Key words: beneficial uses, contaminated sediments,

disposal, New York/New Jersey Harbor
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Historically, about 5,5 million m' of sediment have
been dredged annually to maintain and to improve the
navigable waterways and berthing facilities in the Port of
New York and New Jersey. Some of these estuarine sedi-

ments contain contaminants introduced by upstream or

local industrial, municipal, or stormwater discharges,

Since 1914, the Port has depended almost exclusively on

a single disposal site for placement of its dredged material,
This site, the Mud Dump, was located approximately 10
kilometers off the New Jersey Coast. In September 1997,
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the disposal site was closed, and a new kind of site was

opened � the Historic Area Remediation Site  HARS!.

Discharges at the HARS are limited to the placement of
uncontaminated material suitable for remediating the for-
mer disposal site. During this same period, the ships car-
rying oceanborne cargo have increased in overall size

and depth of draft. The requirement to dredge deeper
channels to accommodate these new ships is a pressing
need for the economic life of the Port.

In order to dredge new channels, however, disposal
sites must be identified and available for all excavated

material, both HARS suitable and contaminated. The

first site to open  l 996! was the Newark Bay Confined
Aquatic Disposal  CAD! facility for contaminated sedi-
ment unsuitable for placement at the HARS. Several

upland sites have opened since then that beneficially use
the sediment for construction purposes. Approximately 2
million m' have been placed in upland areas. Beneficial
use is the preferred regional approach for placement of
dredged materials.

Another potential option, although not a beneficial
use option, is the construction of CAD facilities under

the channels to be deepened. This approach has been
designated the sub-channel cell alternative and is pro-
posed as an option for the Kill Van KulV Newark Bay
deepening project. Approximately 10 million m3 of
material will be removed. The sub-channel cell concept
is being investigated as a contingency when beneficial
use options are not available or appropriate for contami-
nated sediment from the project. Initial evaluations sug-
gest that the construction of cells could lower the project
cost and shorten the construction time frame over upland
options. This paper explores the application of the sub-
channel cell concept for providing disposal capacity for
channel deepening projects in the Port of New York and
New Jersey.

Key words; beneficial use, contaminated serpents,

disposal, sub-channel cell, New York/New Jersey Harbor
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Throughout the United States, coastal wetlands are

being restored from formerly diked lands, whether salt

hay farms, impoundments, or lands drained for agricul-
ture. A common problem with the restoration of these
sites is their low elevation associated with long-term lack

of tidal inundation and sediment accretion, compaction
by heavy equipment, and oxidation associated with expo-
sure to the atmosphere. When sites have been diked for

extended periods, elevations may subside by several
meters, and with the reintroduction of tidal flow, these

areas may become open water and tidal flats for a centu-

ry or more before they return to wetland habitat.
Different levels of subsidence also result in a wide range
of marsh planforms with little or no semblance to the

geomorphology of natural systems, The potential use of
dredged materials for several aspects of the marsh

restoration process � enhancing the sediment budget at
low elevations, accelerating the restoration trajectories

toward acceptable endpoints, improving the geomorphol-
ogy of the marsh planform, remediating contaminated
areas, providing high marsh elevations for species that
depend on this habitat type for survival, reestablishing
upland dike elevations for off-site protection of people

and property, and stabilizing shorelines to reduce erosion
rates � are the subjects of this paper, The abundance of

dredged materials from channel deepening projects that
will occur nation-wide, the maintenance dredging of
major ports, and other projects provide a wealth of
opportunities to combine dredging needs with coastal
marsh rehabilitation and restoration.

Key words: habitat restoration, coastal marsh
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Use of Ecological Risk Assessment Methods
to Evaluate Dredged Material Management

Options
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The environinental quality and disposal options for
sediments dredged from navigational channels has been

judged by use of some combination of physical, chemi-
cal, and biological analyses for over 30 years. Early
approaches used chemical-specific numerical criteria to

evaluate each chemical or class of chemicals found in

sediment. This approach has often been criticized as
either overly conservative or providing insufficient envi-

ronmental protection, because several site-specific geo-

chemical and biological factors were typically excluded
from the decision-making process. Consequently, an
"effects-based" approach, which weighs the preponder-

ance of evidence derived from biological, physical, and
chemical assessments, has been increasingly used in the

United States to evaluate sediment management options.
The current state of the science in ecological risk

assessment is predicated on the use of a weight of evi-
dence approach similar to that used in effects-based sedi-

ment toxicity testing. In fact, sediment toxicity testing
and ecological risk assessment have been described as

complimentary components of a sediment assessment
framework. By consideration of both benthic toxicity

and bioaccumulation potential in aquatic food webs, the

volume and associated costs for dredging and disposal of

sediment can be properly quantified and managed,
However, several sediment assessment methodologies
have evolved in the United States and elsewhere using a

variety of approaches with wide ranges of scientific
uncertainty and predictability. This paper reviews the
useful elements and the limitations associated with the

application of a sediment toxicity testing and ecological
risk assessment framework to characterize and evaluate

the potential hazards of sediment-bound chemicals on

aquatic biota and identify disposal options. Examples of
sediment assessments conducted in the United States,

Australia, and Western Europe are used to demonstrate

the key advantages and limitations.

Key words: ecological risk assessment, sediment

assessment
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Contaminated Sediment Management
Options in San Francisco Bay, California

EMILY PIMENTEL
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Southwest Division Naval Facilities Engineering
Command
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To date, few contaminated sediment cleanups have

been completed in San Francisco Bay, California and

remediation approaches have been linuted to dredging
and upland disposal either near the dredge site or at per-
mitted landfills. Dredge and fill projects must be

approved by the Bay Conservation and Development

Commission  BCDC!, a local agency with a legislative

mandate to minimize fill in the Bay, Sediment capping

proposals have not been approved by BCDC, and
nearshore confined disposal and contained aquatic dis-
posal have not been implemented in the Bay. Although
beneficial reuse  wetlands creation! projects have been

initiated, a long lead time is required because of the

complex and lengthy permitting process and active pub-

lic participation in project development, Additionally,
wetlands creation projects have limitations on the quality
of material that they can accept. Given these constraints,
cost effective remedies for segments are not always
available. Future cleanup is expected at a number of
sites around the Bay. The San Francisco Bay area would
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benefit trom a regional initiative to develop contaminated
sediment management options for these sites.

Key words: remediation, contaminated sediinent,

disposal, wetlands creation, San Francisco Bay, CA
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Restoration of Norton Basin and Little Bay:
Beneficial Use of Dredged Materials in

Jamaica Bay, New York

ROBERT J. WILL
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DAvtD J. Yozzo

JoHN M. RHoADs

Barry A. Vittor & Associates, Inc.
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Kingston, NY I240I USA

The goal of the Norton Basin/Little Bay Project is to
demonstrate the efficacy of habitat restoration of Norton

Basin, in Jamaica Bay, Far Rockaway, NY, by filling two
borrow pits �5 and 64 ft deep respectively! located at
the southern end of the basin using dredged material to a
general depth of approximately 15 ft mean low water
 MLW!.

Preliminary biological and hydrographic sampling in
the Norton Basin borrow pit, conducted by the U.S.
Army Corps of Engineers  USACE!, New York District,
in 1998 and 1999 indicated severely degraded condi-
tions. Side slopes in both pits are nearly vertical, and
hydrodynamic isolation has apparently resulted in low
mixing rates among the deeper layers of water.
Preliminary benthic grab and sediment profile imagery
 SPI! samples indicate an impoverished benthic commu-
nity, Basin sediments are highly aqueous/organic and
black in color, with no discernable redox discontinuity
layer  RPD!. Additional indicators of degraded sedi-
ments are a high gas void content in SPI samples, a
strong odor of hydrogen sulfide, and the seasonal presence
of sulfur bacteria mats.

Prehminary trawl and fisheries hydro-acoustics data

indicate little utilization of borrow pits by fish. The few
fish that apparently do use them are presumably smaH
schooling forage species  e.g. bay anchovies, Atlantic sil-
versides! that do not rely on the structure of the pits as
essential habitat.

Norton Basin and Little Bay are among the deepest
locations in Jamaica Bay, including aH other pits, and
scoured channels. Both basins are isolated from Jamaica

Bay proper by a siH at the entrance channel to Norton
Basin. The steep configuration of the pit walls is ideal
for the placement of dredged material. Filling the pits to
return them to more historic depths could dramaticaHy
improve hydrodynamic exchange rates, which would
improve sediment quality and benthic habitats.

Key words: beneficial use, Jamaica Bay, NY, habitat
restoration
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The Experience of Tidal Wetland
Restoration Using Dredged Materials in San
Francisco Bay � Its hnplications for Future

Restoration Planning

PHtLn' B. W1LLtAMs'
Philip Williams & Associates
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Over the last 150 years the San Francisco Bay
Estuaty has lost approximately 95% of its 200,000 ha of
intertidal marshes primarily by diking and conversion to
agricultural uses. This loss of habitat has resulted in the

decline of important ecosystem functions and popula-
tions of listed species, Over the last three decades gov-
ernment agencies and non-profits have embarked on a

program to restore tidal wetland habitat. There are now
active plans to restore more than 15,000 ha of diked for-
mer tidal marshes at various locations throughout the
estuary. Ahnost aH of these sites have subsided between
0.5 and 4 meters and therefore will rely either on rela-

tively slow rates of estuarine sedimentation or on fiHing
with dredged material to evolve into vegetated tidal
marshes once tidal action is reintroduced.

The 28-year restoration history within the estuary
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has provided a valuable learning curve that can guide the

planning of large-scale restoration projects now being
considered. The first restoration projects implemented in
the 1970's were on diked sites that had been used for

dredged material disposal. Unfortunately, it was not until
the late 1980's that systematic monitoring started to be
carried out to determine how these sites had evolved.

Based on this information design parameters were devel-

oped for the first 'second generation' restoration project
using dredged material � the 120 ha Sonoma Baylands
project implemented in 1996. In this project ecosystem
restoration objectives dictated amounts and placement of
dredged material rather than disposal requirements. The
US Army Corps of Engineers is now funding monitoring
of Sonoma Baylands that will guide 'third generation'

designs such as now being planned at the 1100 ha
Hamilton Air Force base restoration site.

The feasibility analysis for the Hamilton project pro-

vides a practical example of the benefits of using
dredged material in tidal wetland restoration. In cornpari-
son to an alternative design that relied only on natu'
sedimentation the dredged material alternative was
selected because of the desire to accelerate the evolution

to vegetated marsh, and concerns over potential wind
wave erosion, scouring of large tidal channels and oppor-

tunities to create a gradient of habitat types around the

perimeter of the site.
A further factor that will be influencing decisions on

whether to use dredged materials on large restoration
sites in San Francisco Bay is the potential impact of
large-scale restoration on the sediment budget and sedi-
ment dynamics of San Francisco Bay. For example the
sediment sink created by simultaneously restoring 15,000
ha of subsided, diked former marshes to tidal action is

one to two orders of magnitude larger than average annual

sediment inputs to the estuary. As the estuary becomes
sediment limited it is likely that our perception of the use
of dredged material for wetland creation will shift from it
being a valuable � to an essential resource.

Key words; wetlands, tidal habitats, beneficial use,
San Francisco Bay, CA, habitat restoration
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Contaminated Sediments in the Great Lakes
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Contaminated sediments in the Great Lakes are a

long-standing problem with major impacts on dredging
and water commerce, Many rivers and harbors in the

region are not dredged for long periods of time due to
the lack of disposal areas to contain contaminated sedi-
ments and uncertainty regarding the location and extent

of contamination. This paper will discuss a potential
solution for the Ashtabula River in Ashtabula, Ohio.

Focused sampling was completed on locations in the
river where data gaps were identified Rom previous sam-

pling activities. The main purpose of this effort was to
more clearly define the areas of the river where

Polychlorinated Biphenyl  PCB! levels in the sediment
exceed 50 mg/kg. Sediments with this level of contami-
nation are subject to regulation under the Toxic
Substances Control Act  TSCA!, which mandates specific

requirements for handling and disposal of the dredged
material, These requirements add significant costs to the

project and can reduce the economic viability of remov-
ing and disposing of the sediments.

The results of the sampling event were used to create

a three dimensional model, using the Department of
Defense's Groundwater Modeling System  GMS!, repre-
senting the PCB contamination in the river. This inno-
vative approach resulted in an almost 50% reduction in
the volume of sediments considered regulated under

TSCA, as compared with previous estimates, and will
result in significant cost savings.

The model was also used to develop alternative

dredging scenarios that attempt to maximize the mass of
PCBs removed while minimizing the volume of sedi-
ment removed and the post-dredging surface area
weighted PCB concentration. This approach helped
define an alternative dredging plan, accepted by regula-
tory agencies and the community, that has the potential

for further reducing the costs of the project by at least
$16 million.

Key words: PCBs, Great Lakes, modeling
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Design Planning for Salt Marshes Created
from Dredged Materials: A Case Study in

Galveston Bay, Texas

ROGER ZIMMERMAN

LAWRENCE ROZAS

National Marine Fisheries Service
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Galveston, TX 77551 USA

Very little information is available on design criteria
of salt marshes created with dredge material. Ideally, a
created marsh should replicate the variety of environ-
mental conditions and topographic features that allow

natural processes and functions to occur. Developing
design criteria to insure that constructed marshes will be

ecologically functional is a challenge. Our case study in
Galveston Bay incorporates measurement of animal uti-
lization in natural marshes and mapping of geomorphol-
ogy and topography to provide useful information for
design ecologically functional created marshes.

Our approach was to quantify and compare nekton
densities among vegetated  edge Spartina alterntflora,
inner Spartina alterntflora, Scirpus martimus, Juncus
roemerianus, and Spartina patens marsh! and shallow

nonvegetated  pond, channel, cove and bare intertidal!
habitat types in selected marshes of Galveston Bay, We
collected 267 nekton samples using a 1-m2 sampler dur-
ing two seasons of known high nekton abundance. We
also surveyed and mapped major habitat types in each
marsh system.

Within vegetated habitat types, two factors, eleva-
tion and proximity to open water, were most important in
influencing the distribution of nekton. Outer marsh con-

sisting of Spartina alterniflora or Scirpus maritimus was
used most by brown shrimp, blue crab, and daggerblade
grass shrimp. Gulf killifish and sheepshead minnow were
most abundant within inner S. altemtflora marsh or S.
patens marsh, White shrimp and striped mullet used both
the outer and inner marsh. Nonvegetated habitat types
adjacent to marsh were predominantly used by gulf men-
haden and bay anchovy  marsh channels!, spot  marsh
ponds!, blackcheek tonguefish and Atlantic croaker
 coves!. Overall, the vegetated and nonvegetated habitat
types within, and contiguous with, the marsh system
contained higher densities of most nekton that did the
nearby shallow bay,

Because nekton-habitat associations are species spe-
cific, constructing a variety of habitat types in a marsh

will improve biodiversity. Based on our results, we rec-
ommend that created marshes be designed with the vari-
ety of vegetated and non-vegetated habitat types that
occur in natural marshes, We also recommend that

design criteria provide for large areas of low marsh inter-
spersed with numerous channels and interconnected

ponds to maximize habitat for fishery species,

Key words: salt marsh creation, habitat, Galveston Bay,
TX
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SEDIMENT TOXICITY RISK ASSESSMENT.'

WHERE ARE WE AND WHERE SHOULD

WE BE GOING?

Chair person: Michael P, Weinstein

httIJ:/twww. nj msc.org/

SUMMARY

By the middle of this century, global trade is
expected to triple, with 90% of the weight and
80% of the value of all international goods trans-
ported by water  National Ocean Conference
1998'!. To ship these goods, larger vessels will be
required, in turn, requiring expanded ports and
deeper navigational channels, some of the latter
exceeding 45 ft �5 m! in depth. Nationwide, con-
struction and maintenance of these channels

requires the dredging of more than 400x10' yds'
�05x10' rn'! annually, with the volume projected
to increase in many areas. The Port of New York
and New Jersey is no exception. The Port boasts
over 250 miles �00 km! of engineered waterways,
requiring 2-4x10' yds' �.5-3.0x10' m'! of annual
maintenance dredging, Planned channel deepening
to accommodate traffic projections will require the
additional dredging of over 50x10' yds' �8x10' m'!
of sediment over the next 10-15 years. These water
highways are essential for sustained economic
growth; e.g., the Port of NY and NJ now adds over
$30 billion annually to the region's economy and
creates hundreds of thousands of direct and indirect

jobs.
Unfortunately, sediments that settle into ship-

ping channels also become sinks for pollutants.
Contaminant discharges result in the accumulation
of heavy metals and persistent organic compounds
in the fine sediments of harbors and waterways.
Petroleum hydrocarbons and their derivatives,
polychlorinated biphenyls  PCBs!, dioxins and
furans, pesticides, mercury, lead, and chromium,
among others are often found at elevated

National ocean conference - oceans of Commerce, oceans of Life;
June 11-12, 1998, Naval Postgraduate School, Monterey, CA.

New Jersey Sea Grant Program, 'Proceedhrgs: Sediment Toxicity
and Risk Assessment: Where are we and where should we be
going?", NJSG-02-482,

concentrations in the harbor bottom. Since 1972,
the US Environmental Protection Agency and the
US Army Corps of Engineers have required that
dredged material be tested for potential toxicity
prior to disposal at open ocean sites. Recent
improvements in the assessment of dredged materials
proposed for ocean disposal and increased public
awareness and sensitivity to the issue of contarni-
nation has resulted in a dramatic decrease in open
ocean disposal and placement of dredged materials
in either confined disposal facilities, or after
decontamination, incorporated as feedstock into
varied 'beneficial uses". However ail of these

processes remain significantly more expensive than
conventional disposal and threaten the continued
economic viability of many ports.

What remains unknown, however, are the true
ecological risks and other costs/benefits associated
with decisions to dispose of dredged materials,
whether in the ocean or upland, As the science of
ecological risk assessment improves, decision-
makers will ultimately have better tools to address
the management of dredged materials. It was the
purpose of this Workshop � Sediment Toxicity
Risk Assessment: Where Are We and Where Are

We Going? � to review the status of ecological
risk assessment and discuss what scientists mean
when they say, these muds are toxic", and the
corollary, "what is worrisome about dredged mate-
rials?" An expert panel was convened on the last
day of the Conference, and a series of "challenge"
questions posed that were intended to focus the
discussion and meet the goals of the workshop.
Panel members included: Bruce Brownawell,
SUNY, Stony Brook; Dominic M. Ditoro,
Manhattan College; Kay T. Ho and Wayne R.
Mtmns, Jr., U.S. Environmental Protection Agency;
Peter M. Chapman, EVS Enviromnent Consultants;
and Keith Solomon, University of Guelph. Ms.
Elizabeth "Bitsy" Waters moderated the session.

To address the issue of sediment toxicity, the
New Jersey Marine Sciences Consortium  NJMSC!
through its New Jersey Sea Grant College Program
and New Jersey Maritime Resources cohosted this
session at the Conference on Dredged Material
Management, Massachusetts Institute of
Technology, Cambridge, MA, on 3-6 Dec 2000,
Five invited papers and an edited transcript of the
facilitated Workshop appear in a New Jersey Sea
Grant publication.' This summary is adapted from
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the preface to that report. The five papers also
appeared separately in Marine Pollution Bulletin.'
One of these papers � Issues in Sediment Toxicity
and Ecological Risk Assessment � is a synthesis
article prepared by the workshop panel from the
morning discussion. A series of "challenge" ques-
tions guided the discussion, and care was taken to
constrain the topic to ecological risk assessment
and refrain from introducing human health concerns
into the dialogue:

Research/Technical

How Do Scientists Define Sediment Toxicity?
2. How Do We Establish Baselines for Toxicity

 Reference/Background!?
3. How Do We Select Appropriate End-Points

 e.g., SQC or Bioassays; Tiered Approach or
Integrated-SQC!?

4. How Do We Evaluate Ecological Significance
of Endpoints or Bioassays?

5. How Can the Magnitude of Uncertainty Be
Quantified, Reduced, and/or Managed?

Science-Based Mana ement/Polic

6. What Type of Information Does a Manager
Need from the Scientific Community?

7. What Type of Information Does the Scientific
Community Need From Managers?

Re lato Decisions

8. Can Sediment Toxicity Measurements be
Applied Nation-Wide?

Michael P. Weinstein

New Jersey Marine Sciences Consortium

W. Scott Douglas
New Jersey Maritime Resources

Mttrine Pollution Bulletin, VoL 44, issue 4, April 2002, Etsevier
Science Ltd.
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NOAA-SEA GRANT ECOSYSTEMS AND

MABITATS SYMPOSIUM ON THE

BENEFICIAL USES OF DREDGED

MATERIALS FOR WETLANDS

RESTORATION

Chair person: Barry A. Costa-Pierce

http:/twww. uri. edulcelslfavs/bcp.html

SUMMARY

A second workshop was convened on
Beneficial Uses of Dredged Materials for Wetlands
Restoration. This sumnrary represents a consensus
of workshop participants and is reprinted from
Appendix A of a recent issue of Ecological
Engineering.'

America's coastal ecosystems provide corrunu-
nities with shelter from dangerous storms, purify
the Nation's waters, and sustain coastal economies

with billions of dollars in fisheries, tourism, trans-

portation, and recreational income. However, in
many states dramatic population growth and devel-
opment are increasing habitat loss and the degrada-
tion of water quality, which threaten coastal
economies.

Three National Research Council  NRC! stud-
ies addressing these issues have concluded that the
restoration of coastal ecosystems should be a
national priority. One NRC study stated "Federal
science agencies should encourage rapid advance-
ment of the science and engineering of ecosystem
restoration and rehabilitation." The Clean Water

Action Plan, the Coastal Wetlands Protection,
Planning and Restoration Act, the Estuaries and
Clean Waters Act, and the Beaches Environmental

Assessment and Coastal Health Act provide the
needed legislative framework to accelerate the
restoration of coastal ecosystems.

A ready means to facilitating coastal habitat
restoration lies in the maintenance and expansion
of the Nation's ports. More than 200,000 cubic

Reprinted from Ecological Engineering, Vol. 19:3, Costa-Pierce and
Weinstein, Use of Dredge Materials for Coastal Restoration, pages
184-186, Copyright 2002, with permission irom Elsevier,

meters of uncontaminated coastal sediments are

dredged each year for port maintenance and related
activities and are discharged into the nation's
waters or deposited at land-based facilities. The
current practice of disposal of uncontaminated
dredged materials into America's coastal waters
and landfills creates a needless waste of the

Nation's ecological, engineering, economic, and
scientific resources. Many dredged material con-
tainment facilities are nearing capacity-or are
already full-and opening new containment sites or
disposal facilities creates social and economic
conflicts. Uncontaminated dredged materials are
potentially valuable resources for habitat creation,
restoring wetlands and beaches, or as construction
materials. Methods for discerning which dredged
materials can be used for habitat development and
restoration-since not all dredged materials are suit-
able-are relatively straightforward, or are in rapid
development.

In this respect, we recommend that the United
States Army Corps of Engineers join with NOAA
to lead an interagency effort to address the following
priorities:
~ Inventory and prioritize the restoration poten-

tial for coastal and riparian ecosystems in the
Nation and maintain a central data center for

coastal restoration projects using uncontaminated
dredged materials,

~ Understand the engineering practices and eco-
logical fidelity needed to create "functional"
coastal ecosystems, with special emphasis on
understanding essential habitat features and
biological interactions that support ecological
functions of restored coastal and riparian
wetlands,

~ Identify those situations where dredged materials
are NOT appropriate for habitat restoration,
due to such factors as sediment porosity, erosion
potential, contaminants, etc.,

~ Understand issues of scale and transferability
of models, the proper roles of reference sites,
and the applicability of small-scale experiments
to ecosystem and landscape-scale restoration
practices,

~ Develop interdisciplinary teams of scientists
and engineers tasked with conducting long-
term research and monitoring to guide suc-
cessful restoration practices,

~ Coordinate activities among scientists, engineers
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and practitioners to forge agreements on objec-
tives and performance standards, accountability
in the restoration process, adaptive management
practices � and the use of current scientific
information in informed decision-making,

~ Support research efforts to develop new tech-
nologies to clean contaminated sediments and
to miniinize the iinpact of handling sediments
of all types, and

~ Develop innovative university curricula and
standards for training a new generation of
ecological engineers specializing in coastal
restoration projects,

We the undersigned attest that this consensus state-
ment represents a fair and accurate summary of the
presentations, discussions and recommendations
from the NOAA-Sea Grant Ecosysterns & Habitats
Workshop on Beneficial Use of Dredged Materials
for Wetlands Restoration. We recognize that there
has been an inconsistent past performance in the
beneficial uses of uncontaminated dredged materials
for habitat creation and ecosystems restoration.

Consequently, we endorse the need to better
understand and overcome past constraints and to
accelerate the beneficial uses of uncontaminated

dredged materials in order to dramatically reduce
the need for disposal. We urge the United States
government and its agencies to adopt policies to
use every cubic meter of uncontaminated dredge
materials for the restoration of degraded coastal
ecosystems-when such use is shown to be cost
effective-to improve the coastal economy and
environinent of the United States.

Barry A. Costa-Pierce, Ph.D., Director,
Mississippi-Alabama Sea Grant College
Consortium, Ocean Springs, MS; currently
Director, Rhode Island Sea Grant College
Prograin, and Professor, Department of
Fisheries, Animal and Veterinary Science,
University of Rhode Island, Narragansett Bay
Campus, Narragansett, RI 02882; email:
bcp@gso.uri.edu

Michael P. Weinstein, Ph.D., President and CEO,
New Jersey Marine Sciences Consortimn,
Sandy Hook Field Station, Building 22, Fort
Hancock, NJ 07732; email; mikew@njmsc.org

Denise A. Kelly, P.G, Licensed Professional
Geologist, Deparnnent of Conservation and
Natural Resources, Commonwealth of

Pennsylvania, Harrisburg, PA

Doug Miller, Ph.D., Associate Professor, College
of Marine Studies, University of Delaware,
Lewes, DE

Charles Simenstad, Ph.D., Coordinator, Wetland

Ecosystem Team, School of Aquatic and
Fishery Sciences, University of Washington,
Seattle, WA

Bill Streever, Ph.D., 19443 Laura Lee Circle, Eagle
River, AK

Philip B. Williams, Ph.D., President, Philip
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Physical Processes

THE USE OF CONFINED AQUATIC

DISPOSAL  CAD! CELLS TO MANAGE

CONTAMINATED SEDIMENTS IN PORTS

AND HARBORS

Co-chairs: E, Eric Adams and Judith Pederson

http: //web.mit.edu/seagrant/

Options for disposal of contaminated sediment
are limited by public perception, regulations, tech-
nical uncertainties and cost. The disposal option
selected for the Boston Harbor Navigation
Improvement Project  BHNIP! was confined aquat-
ic disposal  CAD! ceHs � constructed in-channel,
filled with contaminated sediments dredged from
nearby, and capped with clean sand. Although
CAD cells have been used for over 25 years, there
are surprisingly few scientific and technical studies
that examine the processes involved with disposal,
consolidation, capping and recolonization. This
workshop provided an overview of some of the
processes with an eye toward assessment and
effective management of CAD cells.

Unlike the other two workshops described in
this volume, the CAD workshop focused on audi-
ence participation structured around topics that
were introduced by group leaders. The topics, and
their group leaders, included:
~ Overview of CAD Cells  Thomas Fredette,

US Army Corps of Engineers!
~ Physical/Geotechnical Processes  Ole Madsen,

Sanjay Pahuja and Eric Adams, MIT!
Chemical Migration  James Shine, Harvard
School of Public Health and Philip Gschwend,
MIT!

~ Biological Iinpacts and Response  Judith
Pederson, MITSG!

~ Project Proponent/Regulator Interactions Issues
 Deborah Hadden, Massport; Susan Nilson,
CLE Engineering; Steve Wolf, ENSR, and
Deerin Babb-Brott, MA Coastal Zone
Management!

An edited transcript of the workshop follows.
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OVERVIEW OF CAD CELLS

Thomas Fredette, Director of DAMOS, US
Army Corps of Engineers, NED

Tom Fredette provided an historical perspective on
the use of CAD cells and answered a set of rhetorical
questions intended to provoke subsequent discussion.

Confined aquatic disposal  CAD! cells are depres-
sions in the bottom secEment that are either natural,
or intentionally created as in the case of Boston
Harbor. CAD cells are designed to sequester mate-
rials by placing sediment within the cells and, for
greater isolation, capping them. In so doing, the
surface area initiaHy covered by the material prior
to placement is minimized, and thus there is less
exposure.

Perhaps the earliest CAD cell was constructed
in Norwalk Harbor, CT, where an evacuated pit
near the I-95 bridge was filled with 2000 cubic
yards  cy! of sediment contaminated from a
nitrobenzene spill. Materials were mounded on the
bottom of Long Island Sound and capped.

There are several issues raised in the use of

ceHs relating to physical, chemical, and biological
processes, management, and policy. These have
been highlighted under each general category. The
questions and answers reflect Tom Fredette's per-
spective and should be examined in light of later
dlscusslons,

How does the Iong-term life of CAD cps com-
pare to other options? In general CAD cells are
stable and compare favorably to other options.

Is material surge from celLt an issue? In general
material placed in a cell remains within the cell;
however, there are tiines when material spills onto
the surface outside the cell. This is a concern that

can be addressed by monitoring and taking neces-
sary actions to clean up the material that is outside
the CAD cell.

Is bulking an issue in designing CAD celh?
Bulking is not a significant problem. In typical
dredging projects, material is taken from a relatively
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large area where it is spread out and put into a situ-
ation where it has a tremendous overburden. Over

the length of the project these things are going to
balance out so you may not need to plan for much
bulking.

How do we know when to cap? There is no exist-
ing engineering guidance on when to cap sedi-
ments in CAD cells. Follow-up questions are,
when has the material reached a sufficient strength
and how do we measure that? Although these are
interesting scientific and technical questions, I do
not consider these issues important in the overall
disposal of sediments in CAD cells.

How do we increase material strength? There
may be circumstances when it is necessary to
increase the ability of material to support a cap. A
relatively simple solution is to do so during the
pre-capping phase, e.g. pre-load the sediments with
some material and come back later to cap once the
strength desired is reached.

Are plumes a problem when the material is being
placed in the cell? Generally no. The U.S. Army
Corps of Engineers  USACE! has developed the
STFATE models that are extremely conservative
and these models do not predict that the plumes are
a problem.

Are currents Pom vessels an issue? This is an
issue that should be considered when designing the
placement of CAD cells. For CAD cells placed
within a channel, the cells are going to be below
the sinzounchng area and deeper than the surround-
ing channel. The extra depth of the cells may
reduce this to a relatively minor issue.

Are the sites sediment traps? This is an unknown
and documenting that this occurs would be useful
in terins of management.

Are the cell  pit! walls stable? Pit wall stability is
an engineering issue that may require site-specific
investigations. The stability of pit walls depends
on the sort of side slopes that are used. In Boston
Harbor the underlying material, Boston blue clay,
was stable and very steep side slopes were dug.

Is chemical expulsion a concern during the con-
solidation process? Averaged over the life of a
CAD cell, the mass of chemicals released, and the

rates of release, are going to be relatively small. I
very definitely do not consider this an important
issue.

Is groundwater transport an issue? This is not
likely, but may be on a site-specific basis. Often
materials put into these cells have very low perine-
abilities, perhaps less than the material out of
which the cell was dug, so they may not conduct
water very well.

Is gas production within the cells and its trans-
port to the surface a potential vector for contami-
nants, particularly organic pollutants? This is an
unknown, but mass and rate are likely to be very
small,

Do we need to cap? Capping is probably not nec-
essary in many instances. Usually it will be very
ihfficult to bring cells up to the existing bottom
level. By and large the CAD cells will be below
the sea floor and they will function as bottom traps
so capping will do very little in these cases.
However, as noted earlier in Long Island Soinid,
the material was mounded and capped. This may
be a site-specific issue.

ls bioturbation a concern? There is a need to plan
for it in consideration of the organisms that are
known  or are likely! to reside in the sediments.

Will dissolved oxygen be depressed?
Determination of dissolved oxygen will need site-
specific investigations.

Who bears the liability? Liability is a big ques-
tion, but the same question should be asked about
open water disposal sites or any place that receives
waste. Subtidal areas are public trust lands that
will dictate who bears the liability.
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Sediment Migration

1s environmental insurance the answer? There is

very little information on what environmental
insurance covers and who sells it.

How do we fund multi-user sites? The
Commonwealth of Massachusetts is struggling
with this to some degree right now, as are other
places. There is a need to be creative.

Are regulatory changes needed? This is a much-
needed area for discussion. Any proposed regula-
tory changes may vary from state-to-state. Are
there federal regulations that also need changing or
adjusting?

COMMENT: Your answers are largely applicable
to a situation like the one here in Boston Harbor

where you have a dirty place to begin with and you
are sort of sweeping it all together into a pile and
putting it into a hole right there in the same dirty
place. We ought to all keep in mind that CAD is
an option that is being considered in a lot of differ-
ent settings, for a wide range of contamination, dif-
ferent from what you would find here  in Boston
Harbor!. I think that a lot of your answers would
not apply to some of these other settings.

PHYSICAL/GEOTECHNICAL PROCESSES

Ole Madsen, Sanjay Pahuja and Eric
Adams, Department of Civil and
Environmental Engineering, MiT

This section of the workshop examined physical
processes involved with dredging, disposal and
consolidation activities. The format allowed for
several brief presentations followed by questions
and answers related to each presentation. This
was folio~ed by a general discussion of physical
processes that highlighted what is known and
future di rections.

Ole Madsen began by discussing the migration of
sediment, which results from the difference in grain
size, and hence transportability, between native

sediments surrounding the CAD cell and the material
contained in the CAD cell  if there is no cap! or
the cap material  if there is a cap!.

Sediment migration has relevance for environmen-
tal impact and cap design. For example, if there is
just a mound of dredged material  no cap!, you
want to find out how it spreads with time. If there
is a cap, you want to know how cap material may
migrate from the cell, or how native material may
migrate into the cell, so as to design a better cap.

Madsen showed a figure with a tidal flow passing
alternately across a silty native bottom to a sandy
cap region and vice versa. The abrupt change in
bottom grain size implies that the overlying water
column has a different capacity to hold suspended
sediment. However, it takes time for sediment to
diffuse vertically, such that only the water iinmedi-
ately above the bottom is saturated with sediment.
After the transition in bottom sediment characteris-

tics, water coming &om the relatively fine region
will be over-saturated with sediment which will

tend to deposit, while water coming from the
region of relatively coarse bottom sediment will be
under-saturated, and will experience erosion. The
time scales for vertical segment diffusion, coupled
with the current speed, will cause bottom sedi-
ments to disperse horizontally.

Unfortunately most models do not account for
the finite response time, but assume that, as a water
column passes a transition in bottom sediment
type, it attains an instant equilibrium. As a result,
the processes of deposition and erosion are predicted
to occur along an unrealistically narrow line per-
pendicular to the current, at the edge of the CAD
cell. If the model is a numerical model, with spa-
tial discretization, these processes are spread out
over the width of a grid cell, but the degree of
spreading is improperly dictated by the width of the
grid cell, rather than the transport of the sediment.

Madsen referred to recently completed research by
his student, Sanjay Pahuja, involving development
of a dynamic model that more realistically handles
transitions in bottom sediment type. ln addition to
applications to regions of sharp discontinuity in
bottom sediment characteristics, this model also
applies to regions in which the spatial gradient in
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near bottom sediment concentration is caused by
spatial gradients in bottom shear stress, as might
be found with significant variation in wave height
or water depth.

COMMENT: I am interested in any observations
on cell size. In Boston we range from very sman
cells to very large cells. I know there were soine
issues about spreachng capping material out, in
terms of loading from the center.

Consolidation Processes

Sanj ay Pahuj a, a Ph.D. student in Civil and
Environmental Engineering, MJT, discussed
strength development in recently deposited dredged
materials, which relates to the questions of when to
cap and how much to cap. This research was done
at M1T, with support from MlT Sea Grant and the
US Anny Corps of Engineers, as part of the
Marine Center on the Behavior of Capped
Contaminated Sediments.

Pahuj a showed two short videos that set the stage
for his presentation. Black material shown at the
bottom is silt that was collected kom Reserved

Channel before the dredging started in Boston
Harbor, This silt was placed in a small aquarium
by depositing it through water, as might have
occurred during dredged material disposal. In the
first video, twenty-four hours after depositing the
silt, sand was gently poured through the water cov-
ering the silt, as might have occurred during cap
placement. The video showed that much of the
sand fell through the deposited silt leaving sections
of the silt with no sand on top. The second video
depicted the same process except that the sand was
placed three days after the silt had deposited, In
this case, the sand formed an intact cap.

These videos illustrate, qualitatively, the
importance that the undrained shear strength of the
underlying material plays in determining the bear-
ing capacity of the dredged material, which in turn
will deterinine how much capping material can be
put on top. This process is time dependent.

Research shows that materials gain strength
over time, but there is no good way of predicting
how this will happen and no theory in the litera-
ture. There are almost no experimental methods

for dredged materials. Dredged material is very
soft and its strength is very low so all the instru-
ments in geo-technical engineering that are normal-
ly used for strength measurements are not reliable
 at these low strengths!.

Shear strength is a function of a number of
parameters. Three of the more important ones are
discussed as part of my experimental design: �!
water content, �! effective stress and �! age, Two
different mechanisms are identified as the main

factors in strength development. The first one is
consolidation, i.e., the volume change that happens
as the water content of the deposited material
changes. There is an associated change in strength
as consolidation happens. The second process is
thixotropy. This is a purely time-dependent
process. In thixotropy the water content remains
constant, the effective stress remains constant, but

with an increase in time, bonding happens in the
material and it becomes strong. That is what the
video illustrated because we did not see any con-
solidation happening in one day.

These are reversible processes. If strength is
plotted against time, strength increases with time,
but if sediinent is remolded, mixed, or disturbed,

its strength falls; if it sits again strength returns,
That is what happens when we are first dredging
the material. As sediment is removed it is dis-

turbed and loses its strength. It gains some
strength during the time it is sitting in the barges
and then again as it is deposited it loses that
strength. The cumulative effect of thixotropy and
consolidation is what we need to be able to predict
and to that end we conducted the experimental
program here.

We need to look at strength from different per-
spectives. There is the issue of surface strength, If
there is not enough there, the cap is going to fall
down until it meets a layer that can support it. The
surface strength is also very important when look-
ing at the erosion of materiaL For geo-technical
stability we want to look at strengths in deeper
zones of this material. We need to consider the

strength behavior of this material at various depths.
In my experiments I took material from

Reserved Channel in Boston Harbor before the

start of dredging. We homogenized it and put it
into cold storage so it could be used for three
years.



In the critical low effective stress regime,
which occurs in the top layers of the segment, we
used samples of the segment that were up to
twelve inches high. We wanted to see how the
scaling occurs so we examined samples that were
3, 6, and 12 inches high. These samples were pre-
pared at different initial water contents � 150, 200,
and 250%%u look at the effect of initial dilution.

The material in its natural state as placed in a barge
is 1609o. We looked at different consolidation

times, from one hour to thirty days, Our best guess
on the coefficient of consolidation for dredged
material showed, with a preliminary calculation,
that a 12-inch sample would be consolidated by the
end of thirty days. Later we found that that was
not true because we did not have a good estimate
of the coefficient of consolidation in the low effec-

tive stress range. That points to another problem;
we need a get a good handle on consolidation
properties of these materials under low effective
stresses, which are not easily available.

Spurred by an audience question, Pahuj'a described
M1T's automated fall cone developed to measure
low shear stress accurately.

To examine intermediate effective stress, which
would occur at deeper sediment depths, we simu-
lated depth by placing a load on top of the material.
We also changed the boundary conditions to dou-
ble drainage, which reduces the length of the
experiment. We built up loads starting from 6
grams and used a load increment ratio of one  i.e.,
doubled the load at each step!. Conditions of up to
10 feet of depth can be simulated in this manner.
Once the sample was consolidated to the desired
level of surcharge we performed strength and water
content measurements. The depth profile is not
important because the amount of surcharge we are
putting on is far more dominant. We can get meas-
urements of both strength and water content in the
intermediate effective stress range that takes me up
to ten feet of depth. After that I can use classical
geo-technical laboratory equipment and the con-
stant rate of strain test  CRS! to extrapolate to 100,
200, 300 feet of depth.

Data were presented showing the relationship
between water content and effective stress, In high
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effective stress zones the effect of initial water con-

tent is diminishing, whereas in low effective stress
regimes the virgin compression curve is branching
out. This is the first study of this effect in the low
ef'fective strength zone.

Additional data were presented showing shear
strength versus effective stress. We start from a

shear strength of 0.45 g/cm which is the remolded
shear strength. As the material starts consolidating
shear strength increases. We still do not know to
what extent this is happening because of consolida-
tion and to what extend it is due to thixotropy
because they are both happening at the same time.

We want to have a predictive capability. How
do we do that? Let us examine the graph of meas-
ured void ratio and shear strength versus effective
stress curve. If I assume that all of the profiles ulti-
mately converge to a unique consolidated profile, I
can extrapolate the behavior down to low values of
ef'fective stress. I can then find the effective stress

corresponding to the extrapolated values of void
ratio and use that value of effective stress to plot
shear strength.  This was illustrated with a slide.!
There are error bars that could be significant, but at
least it provides a good methodology: it tells us
what we would have to do if we go to a different
site where we have a different material. It will also

show us what the important factors are; initial
water content could be an important factor for a
different material. That is where this experimental
research is very relevant to a capping project. With
that I conclude and I am open to your questions.

QUESTION: I thought it would be relevant to dis-
cuss some things we found in the field during the
Boston Project. For one thing, we observed that
water content did not vary much from in situ  in
the harbor!, to in the barge, to in the cell at the
beginning, to in the cell after two months, to under
conditions of a cap. Part of the problem is that this
sediment is so heterogeneous that numbers are all
over the place, so it is hard to get a statistical
value. All of the laboratory data and all the theo-
retical models predict that capping should not work
and yet it seems to have,

RESPONSE: With this effort we are suggesting
that we use widely available consolidation models
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to get an idea of what the effective stresses are in a
CAD cell after a certain time following deposition.
That then gives us a correlation between effective
stress and shear strength, On top of that we add
the thixotropic component because we believe that
proceeds on its own lines if you are not disturbing
the cell. We are finding that when you increase the
effective stress, the thixotropic component acceler-
ates, so we do find a reason why applying a sur-
charge before capping, or using incremental cap-
ping, actually makes the cap more effective � it is
because of the accelerated strength gain under a
load.

QUESTION: You have come up with a method to
measure shear strength under very low effective
stresses, but my question relates to what you do
with that data, I can go to a solid mechanics text-
book and find an equation that I can use to design
for the bearing capacity of a structure pressing
down on a foundation. Those are the only bearing
capacity equations I know about and here we have
got a pit that is almost a liquid material and if we
can place a cap all the way across it we have got it
confined and I do not believe those bearing capacity
equations apply to that case. My question is, what do
we do with the shear strength data? What equation
can we go to?

COMMENT: Where is the equation? You are
always asking where the equation is. This is one
aspect of CAD design I do not think we have an
equation for.

QUESTION: So I guess my question to you is are
we going to try to look at that through this work or
is this still a different path that needs to be looked
at. To me that is the crux of the matter. You have

done good work to get us the shear strength num-
ber but that is a parameter, not the design.

RESPONSE: A couple of years ago I found a
paper where the authors had equations to estimate
bearing capacity if you had an infinitesimall long
linear strip loading which is what I would think
would happen if you disposed of material through a
split hull. I really have not looked farther than that.

QUESTION: What I am getting at is that all of

those equations, whether they are for a square foot-
ing or a round footing or anything, they are all
applying here and it is essentially a slope failure
equation really so when you have an situation that
is different than that, there is no edge effect. All
those equations are based on failure at the edge of
a failure plain and we do not have that with a CAD
cell.

RESPONSE: No I completely agree. That is one
area that is very open and needs more research.

COMMENT: I think you could in fact look at it a
little bit like plasticity. The bigger problem that I
see is how do we place sand in a nicely layered
way.

COMMENT: It comes back to writing specifica-
tions for a contractor, where you prefer not to spec-
ify the method of placement, but rather a level of
performance for the cap. Contractors are all going
to have different equipment and their equipment is
fairly crude, In the laboratory or in small pilot
tests we can do all sorts of nifty things in terms of
strengthening sand but an 8,000 cubic yard scow�
that is a blunt instrument.

COMMENT: Another point to make is that when
you have very low shear stress at the surface we
cannot hope to ever lay down a sand cap of really
soft material with a completely clean interface.
There is always going to be some depth of mixing
that you need to account for when you come up
with the total cap thickness. The data that you are
developing here may lead us to eventually predict
how thick that mixed layer is going to be. If you
are really interested in issues like chemical migra-
tion you must factor that the layer where you have
cap material and contaminated materials mixed
together into the estimation.

COMMENT: I gave a talk yesterday but I wanted
to just take a few minutes to give my feeling and
views on what we have been talking about. I am
not a civil engineer by training. I come to this
through solid mechanics and ocean engineering
and so I have a slightly Mferent view on these
things. What I am working on is knowing when to
cap and pre-capping. This all depends on consoli-
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dation. We have a free-fall cone penetrometer that
you drop down, it hits the fill and you can measure
the undrained shear strength and the pore pressure.

Just from my tests looking at this, this is what I
see. You put this fill in a box and above it you
have a Newtonian liquid. Then you have some tur-
bidity; it is no longer a Newtonian liquid, and it
behaves strangely. Then when you get down to the
pit where it has been sitting for some time and con-
solidating under its own weight, you actually get to
sediment or a soil. You do have this rniddle region
that does not behave like what you see in soil
mechanics textbooks so if you are talking about
bearing capacity or putting a foundation on it, its
just not going to work. Additionally it is in a box,
and you are going to have edge effects from this
box.

In our computer models if you have a perfectly
flat cap with a small hump in the middle you are
going to get failure planes. It is possible that if
you move the hump over to the side and have non-
symmetrical failure planes, the cap is going to start
tilting and fall into the fill. But if you look at the
side-scan sonar data the caps are all reauy bumpy,
there are waves and patchy areas but it all seems to
be sitting on top and we are not sure why that is. It
seems to us that it all should be just falling into the
till. So those are issues that I am grappling with.
What I am trying to do with this cone penetrometer
is to be able to look through the water coluinn,
through this "viscous goo" into the consolidated
fill and measure how the shear stress and the pore
pressure evolve over tune.

I ain looking for a place to do this and for peo-
ple who are wNing to support such an e6'ort. All
of these questions about bearing capacity that we
have discussed, they do not seem to work because
we are not putting a foundation on a soil, we are
trying to put a big pile of sand on soine "squishy
stuff' and it is a completely different situation. I
hope that &om my experiments we might be able
to get a better idea of how this  shear stress and
pore pressure! is changing with time.

QUESTION: Could you go over the logistical
constraints of actually using that instrument over a
cell? Could you damp out the oscillation that you
might have if you are on a free-floating platform?
Does it have to be rigidly fixed? Are those things

you can correct for?

RESPONSE: It is free-fall. It is four and ahalf

inches in diameter and it is specifically inade for
working in softer sediments. That is why it has the
large diameter. It is a piece of pipe with a pointy
end. You tie a rope on the back and just drop it.
So it is not connected to the boat in any way. It
just falls through the column, hits the bottom, and
starts recording the dynamic penetration resistance.

QUESTION: How are the data recorded and trans-
mitted?

RESPONSE: Currently there are a couple of ways
you can do it. You can start it logging. So you
drop it and it records at 500 Hz. That way you get
500 samples per second as it hits the bottom. You
pull it back up and drop it again and just keep
doing that. I think that you can do it about 20
times. Then you just plug your PC onto it and
download the data. Or you can do it one at a time
and download after each drop. We are worldng on
being able to do this in almost real-time.

QUESTION: Have you done any tests to deter-
mine what kind of penetration you get?

RESPONSE: The people who make this and use it
have gotten more than a meter in really soft sedi-
ments. If you have sand, that changes things. You
can weight it. If you have a thick sand cap and
you want to punch through it, it would be more
eflicient to have a thinner probe with a lot of
weight, rather than a fat one.

QUESTION: Could not you use a conventional
cone in those instances?

RESPONSE: Part of the reasoning behind this is
that it is faster, cheaper and you can just follow
along a survey line dropping this thing, pulHng it
back up, dropping it again. It takes literally 30
seconds to run the test and then you can pull it
back up and move along. It is a lot faster than
driving a cone down. With the conventional cones
you often get no record in the upper five feet or so.
What I found when I was looking at this was that
some operators will actually push the cone down in
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initially and that is holding the barge in place. So
you cannot really get that initial data because they
have to push it in first to anchor their vessel. That
is not really useful for us.

Open Discussion on Physical Processes

Eric Adams led further discussion aimed at
answering Tom Fredette's questions.

Maybe we can return to Tom's slides and his various
bullets to see whether we can agree or disagree
with his original assessments. What are critical
issues that we need to address? Where are the gaps?

How long-term are CAD cps?

COMMENT: I think this is an issue. I am from the

Puget Sound area and recently we had some nega-
tive press because of an incident in a local harbor.
A tug operator came in and anchored vessels on
top of the cap of a CAD cell. The U.S.
Environmental Protection Agency  USEPA! said
that they were violating their permits for using the
land and now they have to go back in and restore
it. I know in Puget Sound long-term reliability and
permanence are major issues. In 50 to 100 years
when we are all long gone or long retired and
someone may coine out and do a dredging project
on top of a pit CAD � I think this is a legitimate
concern. We need to implement reliable institutional
controls.

COMMENT: It is worse than that. These sites are

owned by the state, In our state the folks who
own these sites have taken two positions. One, if
you ever build one you have to pay to lease that
land which drives cost up past just construction
costs. And two, we will never let you build one on
our land.

COMMENT: The West Coast may have some
special issues regarding long-term stability, e.g.,
planning for monitoring after storms and earth-
quakes. This makes it less viable on the West
Coast.

COMMENT: How long is long-term'? If you are in
the nuclear business and you are looking for a

depository you are talking tens of thousands of
years,

COMMENT: But keep it in perspective with your
other alternatives. How long is long-term for
them? Is it similar or not? Getting back to the
question of liquefaction if we have this situation
sans cap and it liquefies....

COMMENT: In Puget Sound there are differences
because we are designing CAD cells up in the bays
at elevations of minus thirty but they are within
10s or 100s of feet of bottoms of bays at minus
300 or 400. Large mass-wasting slope failures are
known to have occinTed.

QUESTION: There is one question that came to
mind when Mark was making his cominents. Have
you looked at or is there any concern about going
back into these areas later on with dredges, with
spuds and trying to dredge in the area of these
cells?

RESPONSE: Yes, that was definitely a concern.
These are probably going to be areas where spud-
ding down is going to be difficult. You fill up your
whole channel with them and what are you going
to come in with next time around?

COMMENT: This question is related to what we
are thinking concerning dredging in Gloucester
Harbor, Massachusetts. If you lay down a CAD
cell that you want to integrate into harbor rnanage-
ment or harbor planning and put a mooring field on
top of it, how well does the sand cap behave and
can you drop concrete block moorings down on top
of it? Can you use it as a mooring area and really
integrate the CAD cell area into harbor use and not
have to set it aside and lose the water sheet on top
of it?

Is materiul surge Pom CAD cells tt big issue?

QUESTION: Is material surge a big issue or can it
be handled with monitoring? That is, if we find
material lapping over, can we just come back in
with a cleanup operation or place a cap on it?

COMMENT: I think that cycles on to the chemistry
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issue as well. It depends on the nature of the con-
taminants.

COMMENT: This also relates to where the CAD

cell is located in terms of the ambient sediment

quality in relation to the sediinents you are putting
into it. It is a huge issue if you are exporting mate-
rial into, for example, outer New Bedford Harbor,
Massachusetts &om inner New Bedford Harbor. If

you are working in Boston Harbor and just moving
stuff spatially perhaps it is not as important.

COMMENT: There was some initial thought in
Boston that we may have seen some material corn-
ing out of some of the cells, but I do not know that
we ever had any hard evidence of that. I am not
sure if that is an issue or not,

COMVIERI': We saw that it was an issue in Puget
Sound. We definitely saw material come out of
some smaller cells. This goes back to surface area;
minimum required surface areas are something that
needs to be examined.

COMMENT: Boston Harbor had over-dug cells,
with material well below the lip. That was a
contractor decision to be conservative.

Do we need to plan for bulking in CAD cells?

COMMENT: It depends on the inethod of filling.
If you fill it hydraulically it could be a very big
issue.

COMMENT: Even with hydraulic filling, it is a
time factor,

COMMENT: You do not want to underplan. You
need a safety factor.

COMMENT: We ran into the reverse problem in
the Chelsea River. That pit was excavated antici-
pating a much larger volume and it is barely half-
fuli. It has been left open for future projects.

Are plumes a problem when the material is being
placed in the CAD cell?

Let me make an initial comment based on the

experimental work done by Gordon Ruggaber  one
of the graduate students participating in the Sea
Grant Marine Center! who presented a poster yes-
terday. The plume effect in a cloud of sinking sed-
iments is really strong. That is, for material that
makes it into a particle cloud, the entrainment is
very effective: any material that wants to skip out
of the fold is pretty quickly sucked back. I think
the problem comes if and when material never gets
into such a cloud in the first place. We found that,
once released, sediment that was submerged and
did not have a lot of initial momentum pushing it
down, was slow to get out of the chute. Up to one-
third of the material never made it into an organ-
ized plume. We started with very idealized condi-
tions incluthng a trap-door that iminediately
opened to try to maximize the amount of material
getting into that cloud.  Shows slide of the experi-
mental "trap-door".! Material that does not exit
immediately does not have a chance to get
entrained. And if this occurs in deeper water, strat-
ification and ambient currents can move the mate-

rial away. I think that is where most of the loss
would come. That is the part that is going to get
into the environment, froin the initial deposition
standpoint, and it is probably much more compli-
cated in the real world than in the idealized plumes
that we have been studying.

COMMENT: Our observation in Boston Harbor is

that the material seems to be pretty well contained,
but this may be a depth question. The material is
being inserted about twenty feet down into the
water column because of the draft of the barge,
The insertion point is at twenty feet and the lip is
at 40 feet so the process largely occurs below the
lip most of the time. I maintain that Short Term
Fate  STFATE! is extremely conservative.

COMMENT: Having done some observational
work, I am hard-pressed to consider plumes to be a
problem. They are short-lived. They are closely
confined to these areas. We are not seeing water
quality violations. It does not seem to me that it is
a major issue.

COMMENT: From the science side that may be
the case, but from an outreach or development of
public participation and investment and success of
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the project perspective, plumes are an extraordinary
issue.

COMMENT: I can understand that because I am

dealing with a large plume in Mass Bay, but the
issue is how do you present that? How can we
find better ways to present reality versus percep-
tion? Maybe it will never sell, but we do need to
find a better way to present these things.

COMMENT: I would like to just add a couple of
anecdotes from Boston Harbor. There was not

much turbidity in the water column, but if you look
below the siuface of the cell, the turbidity goes
way up, although it is all contained. One of the
constraints put on the disposal was that it had to be
within a window around high tide to get the most
water column and to lessen water current condi-

tions. But high tide is when most of the vessels
sail. So you have the contractor trying to squeeze
in a disposal right before a vessel would leave and
in the end it appeared that a low tide disposal
would work just as well. The other issue that I
would offer is the benefit of some of the acoustic

Doppler techniques. Being able to visualize a
plume throughout the whole water column appears
to have good promise.

Are currentsPorn vesseh an issue?

QUESTION: When this was first in the
En~onment Impact Report  EIR!, there was an
initial proposal to armor the cell caps to protect
against prop wash from Liquid Natural Gas  LNG!
tankers. That dropped off, but were calculations
done concerning the ability of the cell to hold the
armor cap?

RESPONSE: I think there was some work done on

that. I do not know how inuch. In association

with the vessel passage work we did, USACE
Waterways Experiment Station  WES! is planning
to do some of those calculations. I think the most

critical thing is that by and large these large vessels
are not mug under their own power very much.

COMMENT: But the vessels that are moving them
probably have greater scour velocities. In Puget
Sound the most powerful tugboats, those with

highest horsepower, are cycloidal propulsion sys-
tems, which have a large thrust component directly
downward when they move, and there are no models
for prop scour with cycloidal or other non-tradi-
tional propulsion systems. It is not the big vessels
in the harbors. At best they are turning the screws
just to keep their engines going.

COMMENT: I would agree. Probably a greater
issue with the big vessels was not the screws but
the displacement. When they go by they displace a
lot of water and then it rushes back in behind them,

CO~NT: It is very much a siting question and
knowing the vessels is important. Tugs are a prob-
lem because they put out a lot of horsepower.

COMMENT: This topic is a candidate for a lot of
study. We need to talk to the people who are
designing vessels and tugs and figure out how their
propulsion systems move the water under the vessel.

COMMENT: When we were playing around with
that issue, I think it was lohn Roberge at OCC who
did some of the work. We were trying to get a
handle on it and the only things we could
find � and this was very crude � were a couple of
papers from the UK on hydraulic harvesting of
shellfish. They were reverse thrusting and blowing
the stuff around. A couple of papers were present-
ed talking about forces and impacts and depths of
scour.

COMMENT: There are some models that look at

this. Steve Maynard at WES is the specialist on
this. He has done a lot of work on scour from prop
wash, He has developed several different types of
equations to examine this once the characteristics
of the vessel are known, Some of the equations
might not be applicable to the types of con6gura-
tions you guys have been talking about, but there
are people who do this kind of work and we have
some tools available.

Are CAD cel1s sediment traps?

QUESTION: Are there any observations from the
West Coast, any monitoring there of cells that are
depressed below the harbor bottom, in terms of
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some segment-trap kind of data?

RESPONSE: The fisheries people, at least in
Washington, will not allow a permit for any kind of
depression in the bottom that does not allow day-
light to reach the harbor bottom because they are
worried about dissolved oxygen depressions and
fish mortality.

COMMENT: If CADs are sediment traps, is there
a way to think about putting them where they
become interceptor traps that reduce the dredging
cycle? Then you have a focused area where you
can go in and dig out.

COMMENT: I suspect the ones in Boston are
going to provide a lot of advance maintenance.

CHEMICAL MIGRATION

James Shine, Harvard School of Public
Health, Harvard University and Phil
Gschwend, Department of Civil and

Environmental Engineering, NIT

Jim Shine began with an overview of processes
that affect chemical migrati on.

We think of sediments as a sink for contaminants-

that is one reason that we need to dredge them,
because they are exerting adverse ecological
effects. They can also be a source of contaminants,
You can think of the water and sediments as being
in equilibrium. If we put our efforts into reducing
sources to, say, Boston Harbor we may find that to
reestablish that equilibrium, substances will be
coming back out of the sediinents into the water.
Again that is one of the motivations for dredging
sediments. One is to remove toxic sediments. A

second is so we can insure that we will see

improvement in the ecosystem as a whole.
What I want to talk about is how the contami-

nants move in the sediments. How do they move
between the sediment and the water? What are the

basic processes and how might these processes be
altered or how inight we have to consider some of
these processes when we cap the sediments? He

shows a definition slide summarizing basic trans-
port processes.

First I will talk about sediment-water fluxes of

contmunants. One of the main processes is diffu-
sion. We have a diffusion gradient between pore
waters in the sediment and the overlying water, so
we will see a flux out of the sediment into the

water. These fluxes can be rather large. They are
one of the main sources of metals into the surface

waters of Boston Harbor. I did a study in New
Bedford Harbor where I was able to show that tens

of thousands of kilograms per year of metals are
coming from the sediments into the overlying
waters. Indeed, the sediments were one of the

main sources of metals. What is maintaining this
diffusion gradient, and actually can maintain it for
a long time, is the combination of the bioturbation
rate and the sedimentation rate. Bioturbation-

organisms mixing up the top few centimeters, or
sometimes many centimeters � is constantly bring-
ing contaminated sediment to the sediment-water
interface. We are only putting a few millimeters of
sediment on top so these gradients will be main-
tained for a long tiine. For many years we can
maintain these gradients and still see significant
fluxes. This may postpone any improvement in
overall quality of a harbor or estuary as a whole.

A major consideration here is speciation. What
causes "things"  chemicals, particles, colloids! to
be in the pore water, where they are subject to dif-
fusion, or on particles? Some of these "things" are
important for metals where we have anaerobic con-
ditions so we will have a lot of "things" deposited
as insoluble inetal sulfide complexes that will leave
the metal unavailable for these diffusive fluxes, or
we have organics adsorbed onto particulate organic
carbon. Some of these processes, which are fairly
well understood, though not completely under-
stood, are important in controlling these fluxes.
We also have physical processes such as resuspen-
sion and desorption so if we have a inore energetic
system we can be resuspending particles into the
overlying water where we have desorption into the
water column. Again this could be important for
"things" like metals if they exist in the sediinents
as sulfide complexes. As we expose these con-
taminants to aerobic waters we can oxidize the sul-

fide and release the metal into the water column.

You can see where I am going with this. You can



24P CAD WORKSHOP SVMMARY

think about how these processes might be altered if
we put a cap on a cell.

A third process which people do not think
about as often is submarine groundwater discharge,
I think we are finding out that this is more com-
mon than we previously thought. There are places
on Cape Cod where this can be the main source of
fresh water to a harbor. If there are any contami-
nants in the pore water we can flush these out in
the overlying water. It can be a very ef'fective way
of bringing "things" into the overlying water.
These are the basic processes that might move con-
taminants from one place to another, or actually
move them through the segments.

Now let us talk about what happens when we
put on a cap. We can talk about this in two ways;
what happens in the short term and what happens
over the long-term. For the short-term we need to
worry about desorption or flushing during the
dumping or consolidation period. As we are
dinnping the contaminated sediments into the cell,
what kind of desorption could be occurring? My
background is more with metals, so the question I
ask is, are we oxidizing these metal sulfide corn-
plexes as they descend in the water column? And
if we are, are we releasing metals into the dis-
solved phase? During their descent, are contami-
nants released in the dissolved phase? Or, during
consolidation are large amounts of metals flushed
out as pore water is squeezed upward from the cap?

One question is what are the rates. If you took
a chemistry handbook and looked at the rates that
some of these metal complexes can oxidize, it can
be rather slow so you might consider that there is
no problem. But a lot of these oxidation processes
are biologically mediated by chemolithotrophic
bacteria, just like those found in hydrothermal
vents. To what extent are the oxidation processes
being biologicany mediated and how is this affecting
the rates? These are potentially "knowable." I
think we understand the processes, but I am not
sure if people have actually done the calculations
or set up a model and tried to see how important
these things might be.

Now for organic contaminants. If we alter
redox conditions, do we alter the K< of, say, dis-
solved organic carbon? Are they going to be coming
on or off of particles or redistributing? If so, we
could also be redistributing the contaminants we

worry about; PAHs and PCBs. Again, how we
have redistributed the contaminants, whether it is

on a particle or off a particle, will influence what
happens during the consolidation period. If we
have processes that promote binchng to coUoidal
organic carbon in the pore water, we could see a
large flux of organic contarninants coming out of
the cell. Again, I think these things are potentially
knowable.

This raises the question of time scales. During
the short-term we nnght have some larger fiux of
contaminants due to these processes but what are
the time-scales of interest? We really need to inte-
grate over longer terms, so over the short-term we
could see larger risks but the benefits to be gained
over the long-term might be much larger than the
costs we are getting in the short-term. In other
words, we are getting a short-term insult to the
harbor but over the long-term we are getting a
beneflt in the quality of the harbor or estuary.

Now, let us move on to some of the longer-
term processes, How is the molecular eddy diffu-
sion going to be affected by the presence of the
cap? We are going to have recruitment of benthic
organisms that will bioturbate the sediment. The
flux is a function of a Mfusion coefficient and a

concentration gradient. The processes occurring
are molecular diffusion and biologically regulated
diffusion. Molecular diffusion is generally going
to be really small  it will take "forever" to pass
through a cap!. But if we have bioturbation, our
effective cap distance becomes quite small. So we
could have <Musion on time-scales of concern. If

we have a cap that is too thin, bioturbation could
bring things to the surface. So the questions are,
what is this biological rMusion term, how large is
it, and how much is it going to affect the ability of
a contaminant to pass through the cap? Again that
depends on the thickness of the cap.

A key issue is alteration of speciation. This
depends on what form these chemicals take. As
we bury things are they going to go anaerobic
under the cap? If they do will we get more sul-
fides? If we get more sulfides, will we get more
metal precipitated onto particles or as insoluble
complexes that again will not be subject to rMu-
sion. Or do we put things out into the pore water
because we have changed colloidal organic carbon
and speciation of PAHs. Again I think some of
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these things are potentially knowable and mode-
lable, but I am not aware of people who have actu-
ally gone in and measured these changes.

And again there is the question of speciation-
whether a containinant is on a particle or off a par-
ticle. When you change the redox conditions by
burying the sediments underneath a cap it will
affect speciation and availability for migration, We
could also be changing nitrogen metabolism. You
start promoting anaerobic denitrifying organisms,
perhaps removing ainrnonia toxicity by taking
ammonia into N2 gas. Again, I am not sure on
this. I know this happens in surface sediments but
I do not know the extent to which it is amplified by
making things go inore anaerobic by putting a cap
on top. You could also be changing inercury speci-
ation. It is pretty well know that methyl mercury
is formed by sulfate reducing bacteria, so by mak-
ing these sediments more anaerobic are we promot-
ing the formation of methylmercury, which is a
more toxic and perhaps a more mobile form of
mercury?

How is the cap going to affect another process
that I talked about where we have resuspension and
desorption? Again it is the same issues as above.
How thick is the cap? What friction velocity is
important?

Regarihng submarine groundwater discharge,
one of the Sea Caant Marine Center students,
Chunhua Liu, looked at this and was able to show
that when you have submarine groundwater dis-
charge you have significant fluxes of metals
through the cap into the overlying water. Again
what is critical is speciation of metals. For metals
to be subject to a flux &om submarine groundwater
discharge they need to be in the pore water and not
on the particles. If we change the redox conch-
tions, we change the speciation of containinants
and that is going to have a huge impact on the
extent to which groundwater discharge will bring
contaminants up through the cap and into the over-
lying water. Breakthrough times with the ground-
water discharge, depenchng on the thickness of the
cap and the groundwater flow, were hours to days,
not weeks to months. But this was using sand as a
cap, which has a limited ability to re-trap these
contaminants as they move through. It might be
different if you had more of an organic-rich finer-
grained sediment as a cap. Admittedly, that would

be harder to lay down as a cap.
The bottom line is do we care? As an academ-

ic researcher I can start moving micrograms and
miHigrams of contaminants up through the sedi-
ments, but what we are really concerned with is
when will these sediments have adverse effects?

All of these considerations need to be tempered
with "when do we care," � what concentrations
are going to be important in ultimately assessing
whether these migration problems are a risk? It
really takes integrating some of the physics, the
chemistry, and the biology to really come up with
how effective a cap is and to what extent chemical
migration will be a problem.

COMMENT: There are two existing pieces of
guidance on designing caps that came out of the
program in the Great Lakes and the USEPA pro-
gram. The processes that you have talked about
have been extensively tested and modeled with the
caps that have been designed in Puget Sound, look-
ing at all of these factors including groundwater
discharge, metal speciation and various other fac-
tors. Actually a great deal was written about this
and it has been the subject of many presentations,
several of which have been at Western Dredging
Association meetings over the years.

Another cominent is that I would like to put a
different ending issue on the table and it is not
about adverse effects to population, but it is simply
about mass. We are talking about a lot of mass.
The sediments themselves have a lot of volinne

and a lot of contamination on the~therwise we
would not be worried about it and all of these

processes. If you look at one pathway you tend to
be looking at very low concentrations. From a
concentration perspective you have a hard time
convincing yourself that there ever is an adverse
effect to be observed, but from a mass transfer per-
spective, because these processes go on forever, we
are talking about enormous inovements of contain-
ment mass out of our CAD cells and into some-

place else that then becomes the next site we have
to worry about. For more contaminated sediments,
the mass transfer volumes rapidly get into the tons
per year for things like mercury, PAH and some
PCBs. These are significant and what we are finding
in design is that regulators are not asking questions
about concentrations, they are asking Clean Water
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Act compliance questions about short-term water
quality impacts during dredging or post dredging.
That is easy � you almost do not have to do the
math. You can say you will not observe an adverse
concentration threshold at the point of dredging or
disposal, but you might find another Superfund site
downstream in ten years.

RESPONSE: Right, but when contaminants come
out of sediments where do they go?

COMMENT: My point is that it is not a short-term
effect on biology at the point of dredging or point
of disposal in the construction timeframe. It is
long-term mass transfer, and when you are evaluat-
ing the effectiveness of the control measure the
time frame of evaluation needs to go into the hun-
dreds and perhaps thousands of years to took at
mass transfer.

RESPONSE: It is not one or the other it is got to
be both because ultimately a biological organism is
going to respond to concentration.

COMMENT: I think if you try to design a cap
asking only the short-term questions you are going
to end up with one kind of cap. If you ask the
questions about long-term adverse effects you
come out with a very different and usually much
thicker, much finer cap to get the protection that you
are looking for. If you can tolerate the dispersal of
mass from your CAD cell, if you have enough
water circulation to actually «hlute it you might be
okay, because it will redeposit over a wide enough
area that it will not cause recontamination at sedi-

ment concentrations that are adverse to organisms.
If you do not have sufficient water circulation you
are pumping stuff up into the water column and it
gets entrained in the cap or stuck on particles that
get redeposited near the site or on top of the cap.

COMMENT: It goes back to what you want the
cap to accomplish, which depends on where you
are. If you worry about the stuff leaking out and
going into the environment, you have to remember
that this site is not the only source of contaminants
in the environment. There are all sorts of sources,

including atmospheric deposition, and it is unfair
to ask a remediation project, or dredging naviga-

tion project especially, to be "a little island of for-
ever clean in this sea of contamination." I am just
saying that as we look at the physical and chemical
processes we have to set objectives for this project
that make common sense. For some of these caps
you do not even need to worry about these processes
because the only reason you are capping is that
they may bioaccumulate if the organisms are in
contact with the sediment and all these contami-

nants are so low in concentration that chemical

flux is not an issue. But if we were doing a
Superfund project, flux very likely would be an
issue.

COMMENT: There is also a public outreach, pub-
lic relations element here and we have to be aware

that the information that we develop during design
phases of these projects could come back and bite
us badly, if we start predicting the mass loss from
large CAD cells to be in the tons per year or thou-
sands of tons per decade. Those are sound bites
that get into the media and regardless of the impor-
tance of these losses in the context of larger
sources such as storm drainage and atmospheric
deposition, all of a sudden all eyes are on the CAD
cell.

COMMENT: I just do not see where such a large
efflux will be coming out of these cells. They are
taking materials from a certain chemical environ-
ment, putting them into a cell and retaining them in
that environment so I just do not understand where
it is coming from. My one caveat is the ground-
water issue. That has to be evaluated.

COMMENT: There will be some contaminants in

the water that is fluxed through the cap but just
because that water moves through the cap it does
not mean that those contaminants move through
the cap. Depending on what the cap is made of,
that cap has absorption capabilities that will take
those contaminants back out of the water that is

flowing through the cap. That is all part of cap
de sigil.

COMMENT: But during the self-weight
consolidation period there is probably no cap on
the cell yet and a lot of water is moved out of the
cell during that time.
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COMMENT: But that needs to be kept in perspec-
tive with what mass is fluxing out of those sedi-
ments, and where they are before you do anything.

COMMENT: I understand that, but that is an issue
about the existing environmental condition. I do
not recall ever dealing with a regulatory authority
that is willing to balance that condition with the
disposal site condition, because the evaluation of
the effectiveness of the disposal site is independent
of the current environmental condition. That is a

risk evaluating equation that is not currently in use.

QUESTION: Is there any work underway at WES
that involves stepping back and looking at the big-
ger picture in terms of location and placement of
caps? In terms of a decision tree to help you
decide where it is appropriate, and in some loca-
tion do you even need to cap at all?

RESPONSE: WES's site selection guidance is
general because you cannot give specific site selec-
tion guidance. You have all these factors that we
have considered but the issues differ from site to

site, consequently trying to look at these problems
within a system context is important.

COMMENT: One oil seep from a manufactured
gas plant can be larger than the sum of all inputs of
contaminated sediment disposal into the CAD
cells.

RESPONSE: So when we ask our regulators to
use common sense, I hope that they have this kind
of data at their disposal.

Organic Chemicals

Phil Gschwend continued the discussion with a
focus on organic chemical contaminants. He
began by introducing a chart Pom aformer stu-
dent, Hsiao-ltr'en Chen. Chen had studied inputs of
chemi cals such as py rene and benzo a!pyrene into
Boston Harbor and found that one of the biggest
sources wasPom the sediment beds.

Several others students have said let us look at a
place like the inner Boston Harbor and see what

the steady-state water concentration is and interpret
that in terms of a steady state model that says here
is what the river inflow is, here is what the atmos-
pheric deposition is, and here are all the other
sources and if you go backwards you ought to be
able to see whether or not the sediments are a

major source. If you do a mass-balance/box-model
on the inner harbor, the inner harbor sediments,
pre-dredging, do seem to be a big source. The
point I am trying to make is that at least in Boston
Harbor, contaminated sediments have historically
been a problem and the dredging project potentially
is changing things.

I could talk about resuspension but when we
have studied resuspension we have found that it is
sufficiently episodic or infrequent that, coupled with
desotption kinetics, it is a small release compared to
diffusion right out of the top of the sediinent.

But I do want to talk about the issue of specia-
tion. Chemists care a lot about speciation because
that is one of the key factors in the chemistry, I
would say, that dictates how much a chemical par-
ticipates in certain kind of processes. The mole-
cules that we are interested in are partitioning
amongst larger particles and potentially smaller
particles  colloids! and being dissolved. If I have
bioturbation, I am moving the whole package  of
large particles, small particles and water! around in
the bed whereas if I only have molecular Mfusion,
I am only moving the water. It becomes incum-
bent on the chemists to understand a little about the
kinetics and equilibritun to describe the partition-
ing for any chemical in any sediment that you hap-
pen to care about whether it is a sand cap or the
bed underneath it. This boils down to being able to
describe what fraction of any chemical is truly dis-
solved or in the colloidal phase or the particulate
phase. The partition constant is particularly impor-
tant. The constant historically for chemicals like
dioxins, PAHs, PCBs, pesticides � non-ionic organic
chemicals � tends to be a function of how much
they dissolve in the organic matter of the solids
from water vs, how much organic matter is in a
sand or mud that you are interested in. So again
this is a property of the solid and the chemical you
are interested in.

The problein is that we now know, from many
empirical observations, that that simple picture
does not work for some chenncals. What I am
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showing here are some data from Sue McGroddy
when she was doing her Ph.D. work at University
of Massachusetts Boston, She would go out to a
place like Fort Point Channel, Boston Harbor and
separate the pore water from the solid phase and
she would measure the PCBs in the pore water and
the PCBs in the solid phase. She would calculate
what she would see in the pore water vs. what we
would expect with different models. For a PCB,
the models seem to be about right.  For this kind
of thing you probably cannot get a chemist to tell
you the partitioning to anything better than about
50 percent.! For chemicals like pyrene you have a
substantial � order of magnitude � offset. So what
is going on? Many people have suggested that is
has to do with where these chemicals come f'rom

when they first enter the system. They are coming
in conjunction with combustion-derived particles,
e.g., soot or fly ash. That means that one could
imagine a simple-minded picture that says that the
partition constant is due to partitioning into the
organic carbon plus some kind of interaction with
"soot carbon." To make a simple model � I am not
sure that this is corrective pyrenes of the world
will dissolve from the water into the organic matter
of the sediment and would interact with any sort of
char or sooty material that had come from our
diesel buses, street rLuioff, etc. So the overall Kd
represents the sum of this partitioning into two
media within the segment beds. This simple
model would be expected to explain the discrepan-
cies that we see, i.e., that over 90% of the PAHs,

and probably dioxins, in sediments are associated
with soot.

Let me show you a little bit about this and
some work that has been done. We collected about

two dozen samples around Boston Harbor. We did
a measurement of the organic content. After we
collected these samples and dried them at 60 C,
we put them in an oven at 375 C for 24 hours. At
375 OC any humic acid you put in the oven is oxi-
dize4 while any kind of soot you put in survives,
After that pretreatment we reanalyze for the organ-
ic carbon content at 900 C combustion and we

call that soot. It is empirical, I do not really know
that it is soot; I just know it survives 375 C for 24
hours. What you see is that in all these samples
there is some soot.  He shows a slide, indicating
the black soot.! Something on the order of a tenth
or a twentieth of the organic content of these sedi-

ments seems to be this other kind of carbon "stuff."

Does it matter? Weil going further, an MIT
student, Amy Ricardy took this material and did a
sorption experiment. She takes water, puts it in a
cuvette and adds some pyrene and looks at the
ability of the pyrene to fluoresce light. When they
are absorbed in water, molecules can fluoresce

light, whereas, when they are stuck on particles,
they are unable to fluoresce light. So when she
puts a control sample of water into a fluorometer
she can see the fluorescence response of the mole-
cule as a fimction of wavelength. Now she adds
Boston Harbor sediment'/4on the order of 100 mg/L
s/4and then she adds pyrene to it. After waiting a
few days the fluorescence drops by 80 to 90%. So
this 80 to 90% drop indicates that 80 to 90% of the
pyrene has gotten stuck on Boston Harbor sedi-
ment and is no longer in the water. If we take the
segment that we cooked at 375 oC for 24 hours

and put it in another cuvette and add the pyrene to
it, we see that the fluorescence drops down to
almost the same level that it would if we did not do

the precook. This is consistent in that this materi-
al, whatever it is that survives 375 oC, is capable
of really binding a chemical like a PAH and would
dramatically affect how you would calculate its
speciation.

Let us just wrap-up by saying that I think that
the prececHng story applies to combustion-derived
PAHs as opposed to petrogenic PAHs. If I have a
drop of oil leaking, I have still got problems from
the benzo a!pyrene in that oil. It is not clear to me
whether the benzo a!pyrene seeks out the soot that
was already present and somehow associates with
it. We have not figured that out yet but we do not
think so.

I can speak to speciation effects on bioaccumu-
lation. We are interested in clams, in this case Mya
arenaria, the soft-shelled clam that digs down into
the mud about 10 cm until fully immersed. We
were interested in the issue of how much PAH or

PCBs would be in the Mya versus how much we
would predict depen bng on how I calculated the
sediment's ability to hold onto the chemical. If I
calculate partitioning using only the &action organ-
ic carbon, the sediment holds onto the chemical

about a tenth as well as if I include the soot effect.

If soot is holding onto the chemical, it is not avail-
able to Mya in an equilibrium way". If you look
at what we predict versus what we observe for a
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set of PCBs and a set of PAHs in the same muds

and with the same models, one would think if

organic carbon is the story,  i.e., how hydrophobic
the chemical is dictates everything! then all of the
molecules should cobehave, But what you see
consistently is that PAHs are predicted to be much
more abundant in the Mya than we actually see
and, ironically, the PCBs are too low in the Mya
compared to what we see. So something seems to
hold the PAHs back from getting into the Mya and
something else seems to promote the PCBs getting
into the Mya. Rachel Levine, an MIT student,
Judy Pederson and I decided to examine, in the
case of the clam, the idea that molecules may not
partition into just the lipid in the organism. In the
case of a clam, the lipid fraction is on the order of
5-10%, whereas it is 70-80% protein. If I were
working with species that are very lipid rich maybe
I should worry about normalizing for lipids, but
clams are relatively low in lipids. Molecules like
PCBs, PAHs certainly partition into proteins,
though not as effectively per unit volume as into
lipids. We went to the literature to figure out how
to scale the partitioning of PAH and PCBs into
protein. On the flip side I am arguing that these
molecules also partition in the sediment into the
soot carbon, not just into the organic carbon or
organic matter. We recalculated bioaccumulation
based on these consideration and found higher
rates when they are taken into account.

I am trying to show that the above considera-
tions affect partitioning and therefore speciation is
very important and that, for example, if we want to
decide if a cap is thick enough, we need to keep
these factors in mind. We are still not to the stage,
I would say, where we know exactly how these
factors influence the different families of organic
chemicals. But I think that it is pretty clear that
they influence PAHs significantly, It is not very
clear that they influence PCBs. PCBs often are not
coplanar so maybe they do not interact with the
sinface of flow. Our initial look says that it does
affect dioxins. Soot does seem to interact with

dioxins and maybe that is not surprising because
many dioxins are combustion-derived. I cannot
say what pesticides do yet, as I have not looked at
that.

COMMENT: In the industry right now, what we

look for when we are designing these sites is site-
specific Kd information based on thin layer column
leaching tests that take into account whatever is in
the sediment: soot, carbon etc. Using book values
will definitely take you in the wrong direction.
One of the problems is the time frame for these
tests. In the real world people who are permitting
sites and designing projects do not leave enough
time for thin layer column leaching tests, and the
industry is generally defaulting to sequential batch
leaching tests because these can be done in a week
as opposed to three to six months, depending on
sediment permeability.

RESPONSE: It turns out that desorption kinetics
are a strong function of other properties about how
you run the experiments so there may be ways to
set those experiments up that will meet the time
constraints.

COMMENT: Maybe so and that would be a con-
versation I would like to have with you and then I
would like to have it with scientists from WES and

the USEPA to figure out how we get those alterna-
tive experimental protocols into the guidance so we
can actually use thein in the regulatory context.

RESPONSE: I would argue that first we put it in
the peer-reviewed literature and take our beatings
there, and then get it into guidance.

COMMENT: Your comments about soot carbon

are excellent. One of the things that is being done
and modeled and probably will be used within the
next couple years is the use of carbon particles to
control PAH flux in caps. If you want to design a
cap that is more than just sand or silt, it can be
done and there is a lot of work going on. These
kinds of caps, while expensive, can be thinner and
you can do more with them, you can get inore
effectiveness out of the cap if you design it with
some specialty particles.

COMMENT: How come Kd is so big for pyrene
and not for PCBs?

RESPONSE: I think it has to do with the ability of
the PCB to sit down on the flat surface of the car-

bon, Conversely, the dioxins are all coplanar,
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QUESTION: Is gas production within the cells and
its transport to the surface a potential vector for
contaminants, particularly organic pollutants?
Maybe those that have some field experience
would want to touch on that.

RESPONSE: It is a big issue and one that we have
not looked at well enough to know what kind of
mass travels along with methane bubbles. A lot of
the sites we look at have tremendous inethane pro-
duction and in a literature search about a year ago
we found very little on this,

COMMENT: One thing that happens with cohe-
sive, oily sediments is that you get bubble traps.
Bubble traps become pathways for oil emanation
as well. So you have a methane bubble that moves
into that bubble trap with a little bit of oil on it and
you can push out that oil, If you have a site with
oily segments that is something you really have to
look at.

COMMENT: They installed some collection
devices in one of the CAD cells in Boston. I have

not seen any of that work. It happened late this
summer but it may give us some information in the
next year or two.

RESPONSE; On the chemical side I do not think it

would be difficult to calculate at least the concen-

tration of organic chemicals in those bubbles if you
knew the volume of bubbles emanating. But if
there were a sinface-active component on the bub-
bles that actuaHy contributes to the transport,
things would be more complicated.

COM1VKNT: My colleague and I are laughing
because we can think of sites that we have been

out on where at low tide on a sunny day it is like
being in a glass of club so~here is so much
methane coming out of the sediments.

RESPONSE: There are a lot of non-containinant

surface-active chemicals that will help in the trans-
port. The other thing is that the sediments are
cohesive, probably not even behaving like a porous
medium. Probably behaving like a porous media
to a degree but there are some macro-structures
here where most of the material is inoving and

analyzing that porous media wiH under predict
what comes out.

Any other comments on chemical migration?

COMMENT: From what I heard it did not sound

like there was any point in doing post cap monitor-
ing for contaminants. The rates of release are so
slow that we do not expect much in the water
column.

COMMENT: I generafly agree with that, but it has
not stopped us from installing flux chainbers on
top of a lot of caps and non-capped sediments in
order to get a better appreciation of what is going
on. And without exception the concentrations we
have measured in the flux chambers are much

lower than any kinds of modeling would predict.
Again, indicating that the way we analyze these
sites is very, very conservative.

COMMENT: I think it is safe to say that every cap
site that has a real envirorunental concern with it,

like a Superfund site, aH those cap sites are openly
monitored and they will be monitored not only
with things like seepage meters, but also they will
be cored at a frequency that will confirm that there
is no gross movement of contaminants up into the
cap.

COMMENT: One problem with cores, though, is
that with sandy cap material, you could have a
large flux of material that is of ecological concern,
but you do not have a lot absorbed onto the sand
particles. Hence your core might come up with low
concentrations when the flux is actuaHy higher.

COMMENT: What goes away you are not going to
find, but that is not the only issue with some of
these sites. With some of these sites the issue is

recontamination of the cap.

COMMENT: Is this correct then, based on what
we heard. There would be no recommendation for

post-cap water column monitoring but in fact there
will be?

COMMENT: Not water column, you will never see
it in the water column.
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COMMENT: Just a second on that. What about

the possibility that when metazoans are stirring the
cap you do not actually successfully measure that
in a seepage meter or in a bell-jar type of experi-
ment? I would argue that the water column moni-
toring is a great big bell jar experiment, You need
to know the flushing balanced against the flux.

COMMENT: But your sensitivity is reduced.

BIOLOGICAL IMPACTS AND RESPONSE

Judith Pederson, MIT Sea Grant

I am going to take you Aom the equations and
quantitative data to a topic that is a bit more philo-
sophical and should segue into some of the discus-
sions this afternoon. I am going to raise three
questions:
~ To what extent are benthic organisms affected

by pollution, contaminants and physical distur-
bances?

~ How robust are the observations we have here

in Boston Harbor compared to other areas?
~ And finally can the data on the benthic organ-

isms and sediments be used in some way to
assist managers as they develop policy?

This morning, presenters identified the behav-
ior of of sediments during dredging, disposal and
consolidation. From a biologist's perspective the
grain sizes, depth, and salinity reflect what biota
one would expect to find.  Pederson shows a slide
of benthic organisms found at various depths!.
This is a sketch of the types of organisms that you
would find in the soft sedunents in a healthy
Boston Harbor or in the Northeast area It shows

the various depths in the sediments to which the
organisms would feed or interact with particles,
pore water, and associated contaminants. Most of
the organisms are in the first few centimeters but
some organisms, e.g. the polychaete Clymenella,
burrow to a depth of 20 centimeters reworking the
sethments. The slide also shows you the different
types of feeding mechanisms used by the infauna.
Some are bottom feeders  head first in the sedi-
ments! and deposit reworked sediments on the
surface, some are deposit  surface! feeders and

may or may not carry surface sediments to varying
depths, some feed in the water column, and some
use a combination of feeding behaviors,  Another
slide is shown of selected contaminants at depth!.
This slide is from the USEPA study of contami-
nants in Quincy Bay, Massachusetts. There are
two points that I would like to make. With some
chemicals, such as lead, you can see higher con-
centrations at depth than in the surface sediments,
reflecting the removal of lead from gasoline in the
1970s. The second point is that for some cherni-
cals, particularly PAHs, PCBs and petroleum
hydrocarbons, concentrations are higher in the sur-
face sediments than at depth representing ongoing
deposition. What the slide does not tell us is how
available the chemicals at depth are to the organ-
isms, i.e, how does diagensis change availability?

The traditional way of evaluating biological
impacts from a dredging project such as the
BHNIP, is to follow the USEPA and USACOE pro-
tocols. A tiered approach examines the historical
record, grain size, chemical concentrations, and
biological effects when organisms are exposed to
the sediinents. If warranted by extremely high
concentrations of contaminants  e.g, Superfund
projects!, there may be a need to examine effects
on the community. What are the concerns and how
valid are these tests? In yesterday's presentations,
speakers identified the effects of contamiiiants on
inortality and bioaccumulation as surrogate tests to
evaluate potential effects on humans, ecosystems
and endangered species. Much of the interpreta-
tion depends on acute responses such as mortality
rates and significant bioaccumulation. These have
been criticized as not reflecting how organisms
respond to concentrations in nature. However,
even though we have data on biochemical and
physiological responses to contaminants, we are
not able to translate these into universally accepted
tests in lieu of the current testing protocols.

What did not get discussed yesterday is how
organisms respond physiologically, but are not
killed by exposures to low levels of contaminants.
Laboratory studies indicate that low concentrations
of containinants in the water colinnn may alter nor-
mal chemical reception that affects behavior and
reproduction, and interferes with immune responses.
For example, when lobsters are exposed to petroleum
products, they alter their behavior. They ignore
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danger signs, may wander erraticaliy, and remain
exposed to predation. We have no way of integrat-
ing physicological responses to low, chronic expo-
sures in current testing protocols.

The cumulative impacts of non-lethal concen-
trations on populations of marine organisms are
also poorly understood. One study showed that
PCBs decreased reproductive output by approxi-
mately 50%, but how this affected the population is
unknown because recruitment may result from lar-
vae outside the impacted area. In the larger con-
text, as discussed by Phil Gwschend, Rachel
Levine's reexainination of bioaccuinulation in Mya
illustrates �! simplified formulas do not reflect
observed data and �! that more work needs to be
done to integrate the physiology of organisms with
chemical contamination.

What do we know about benthic communities

in Boston Harbor and have they changed as a result
of capping contaminated sediments? Amanda
Borque, a Harvard University student, examined
benthic communities in sediinent from the pilot
cell and capped and uncapped cells. Her prelimi-
nary data suggest that diversity and biomass
remain low. We used grab samples to look at the
nuinbers of organisms present and found that they
were very, very low in abundance and number of
species. And they were typical of what you find
throughout Boston Harbor. We found only 1 to 7
species of the 15 common species that are typical
of pollutant tolerant communities throughout the
Northeast. It did not really matter whether we
were in or out of the cell in terms of the ambient

background concentrations. We also conducted
sediment profile imaging that supported the data on
organism distributions from our grab samples. The
very soft sediments that had just been deposited
from the dredging activities had virtually no life.
The capped pilot cell benthic community was corn-
parable to "ambient" coiiununities that had not
been dredged. Thus, we had a pollutant tolerant
community prior to dredging and it appears that we
have one after dredging. Amanda's data and that
of the consultant to the BHNIP showed no signifi-
cant difference in chemical concentrations in sedi-

ments in the cells. Others have already speculated
on the spreading of contaminants from adjacent
undredged areas. For organisms, these fine-grained

sediments are more available and have higher con-
centrations of contaminants than the cleaner, larger-
grained sands of the capped material.

This discussion has focused on contaminants

and the risk they pose � the subject of another con-
current workshop. Some of what we observe may
be due to other factors. The nearly azooic condi-
tions found in some areas of the inner harbor, e.g.
Mystic River, may be due to low dissolved oxygen
found at the sediment/water interface. However,

measurements of dissolved oxygen throughout this
study would suggest we do not find anoxia and
hypoxia except in cells that have newly deposited
sediinents. Because low dissolved oxygen at the
sediment/water interface is likely to be found
throughout the harbor during the warmer months, it
limits our ability to examine species richness and
diversity with contamination.

What are the implications for future dredging
activities? There is much criticism of current test-

ing protocols and what they tell us about dredging
impacts on biota. Yet, we have not adequately
integrated data on acute and chronic responses into
protocols that are meaningful and acceptable scien-
tifically, Clearly this should be a high priority.
Equally surprising is the scarcity of monitoring
data on the benthos from capping experiments.
Without data we continue to debate the effectiveness

of caps and whether we should or should not cap.
The question of scale also emerges. Compared

to the Gulf of Maine, Boston Harbor, and especial-
ly the inner harbor is a very small area. However,
this obscures the real issues of what is happening
locally. Do caps add a measure of environmental
protection or do they have no effect? What tem-
poral and spatial scale should we be examining?
In Massachusetts we have accepted the "short-term
pain" of dredging impacts on biota in exchange for
the "long-term gain" of benefit to the project and
maybe to the biota.

I would like to open the discussion to perspectives
on some of the biological issues relative to the
dredging and disposing of contaminated sediments
and capping of CAD cells.

QUESTION: How many cycles have you gone
through for colonization before benthic sampling?



RESPONSE: The times varied from decades  for
ambient sites! to weeks for uncapped areas. The
pilot cell cap was in place for one year and some
of the cells that had just been capped  cells M5,
M12, and M2! were in place for a few months.
The Supercell, which had not been capped, had
newly deposited material.

We also looked at the levels of contaminants in
the various cells.

QUESTION: Is your stormwater treated here?

RESPONSE: We have about 80 combined sewer

overflows. A fair number of them have been

diverted to a treatment facility and no longer dis-
charge. Some still discharge, either untreated or
treated with chlorination, and some with grit
removal. We are only now addressing stormwater
discharges, but these are a significant source.

COMMENT: To do a massive cleanup of the har-
bor one would have to look at the potential for
recontamination of the harbor because of untreated

runoff. The primary rule of thrnnb for a cleanup
anywhere is: eliminate the source first.

RESPONSE: Right, and what we have done in
1991 was eliminate our sludge from being dumped
back in the harbor. That removed a fair amount of

carbon out of the harbor, and once that happened,
we saw amphipods colonize a major part of the
harbor. But we have not seen a lot of change since
then in terms of the species. In September of 2000
we moved the outfall out into Mass Bay and peo-
ple say they are already beginning to see an effect,
but we have not quantified the effects of that
change.

COMMENT: The caps are commonly sand; they
are not recreating the habitat that was there but
rather a new habitat. Another example is in New
York where they are having problems throwing out
clean clay. There is no organic material in there so
there could not possibly be organisms, yet nothing
is contaminated. Philosophically, one of the ques-
tions is when you are designing the cap, is it
acceptable to create a new kind of habitat that was
not there before, or do you have to start constrain-
ing yourself and saying we want to not only cap
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this material but create an environment that should

have been there pre-anthropogenic input?

COMMENT: I do not think there is anything that is
pre-anthropogenic here,

RESPONSE: I would contend that for CAD cells,
after a few years the surface of that cell is going to
look like what is around it both in terms of grain-
size and contaminant levels.

COMMENT: For Boston Harbor CAD cells that

happened on the order of months. And we spent
between $7 and 10 million to put sand there for the
short-term. Did we get $10 million worth of bene-
fit? I want to look at these things from a broader
scientific perspective. Was there something we, as
a society, could have done with $10 million to create
a better benefit?

COMMENT: I want to try to answer the question,
but as one of the people who contributed to the
regulation of the development of the permits for
Boston Harbor, I want to preview some of the con-
versation we will be having this afternoon. Take
everything you talked about this morning in all of
its sophistication and technical complexity�
whether it is biology or physical or chemical � and
put it in the environment of extraordinary public
concern, put it in the environment of overworked
regulators, overworked and undereducated com-
pared to the level of information that you folks are
working with, and then put political pressure on
top of all that. There have been all kinds of alter-
natives and approaches kicked around here this
morning, but there are no "peer-reviewed" guide-
lines, no perfect approach to any of this, and nei-
ther industry nor the Corps folks who work on this
for a living can tell us exactly how that would be
done, We look to that source of infortnation to

inform what we do. In the absence of any kind of
agreed-upon approach, what are we left to do?
Build it big, bruit it deep...and then monitor it. All
of this is wonderful but it comes down to a very
simple, very human, very pragmatic approach. If
we are getting stomped from all different sides, and
this stuff really is tough and tricky, there is a way
you can back off and take a very pragmatic
approach. Throw three feet of sand on it, monitor
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it, sit around a table as a Technical Advisory
Committee with the guidance of an Independent
Observer, let everybody look at, try to respond as
best you can in real time, and go from there.

COMMENT: From a public  and agency! accept-
ability perspective, in order to make the project
sell, that did it. But I would like to step back and
say, in retrospect, we did spend $10 million of pub-
lic funds and it is useful to ask, did we get $10
million dollars worth of benefit? In terms of

environmental benefit, what did we get?

COMMENT: I think that is a great question
because now I am no longer a regulator, but a pro-
ponent, and I do not want to spend $7-10 million
on a cap. But what I want you to tell us is, here is
how you design a cap that minimizes the capital
costs and maximizes the benefits in a way you can
document for the folks in the city you are trying to
work with.

QUESTION: Is there a retrospective plan for this,
because you laid out a series of plans and decisions
and what they were based on, and now we have
some information that we did not know before. So

what is the retrospective process to help address
the questions?

RESPONSE: One little piece that we are doing is
taking some money out of the Seaport bond and we
have asked ENSR to go back through all of the
information that was developed over the course of
the project and, as we work with the Massachusetts
Department of Environmental Protection  MADEP!
to develop new dredging regulations, try to do
exactly that thing, Here is the level of eII'ort; here
is the information we gained. What was worth it,
what was not worth it? What are the simple things
that regulators can use? What are the tools that can
tell you what is happening in the cell? What can be
done that does not require a team of the best and the
brightest sitting around the table every two weeks.

COMMENT: Maybe I can recast an earlier ques-
tion. Practically, could you have capped this with
something other than sand that is closer to native
sediments? And would that have worked from a

physical standpoint? Or, alternatively, since the

latter cells were deep and there is a strong gradient
in the quality of sediment that was being dredged,
can you concentrate on putting the most contami-
nated sediments deeper, and the cleaner ones on
top so you effectively have a gradient of a cap of
natural materials?

COMMENT: The easiest thing to do would be to
use the cleaner sediments from the outer harbor.

Instead of taking them twenty miles offshore we
could use them as the cap. They are closer to the
native material. It is cheaper to do. You get the
same thing.

COMMENT: Can I give you the regulator's point
of view? The cap needs to be there because of
public perception. Whether on not it is justified
scientifically does not matter. People want to
know that it is capped and sequestered. You can-
not get beyond that, at least here in Boston.

COMMENT: But you can call anything you want
to a cap.

COMMENT: That gets me to a second point then.
The regulators need a clear, distinct, easy way to
tell that a cap went on, and right now the best way
we know to do that is with sand because it is simple
and it is visual,

COMMENT: If you want a visual horizon you
could place a thin sand layer and that would be
evident. Just as a visual layer. Anything above
that is a cap.

COMMENT: You can place fine grain materials.
However, the problem with a site like this is that, if
you generate that fine-grained sediment by mechani-
cal dredging, and it remains cohesive, it is going to
be rh8icult to let that cap accumulate on the sur-
face without causing a failure. It is not like
spreading sand. You could use some other sort of
placement mechanism, perhaps some sort of re-slurry
on the barge. The problem you have there is that
fine grain cap materials are going to erode easily
and you are going to have the same situation you
had with the contaminated sediments. You are

going to have to let the cap consolidate for some
time to gain strength before you can continue to
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build it up. But you can build caps out of some-
thing other than sand, and if your objective is visual
you can still put a layer in there so you can see it.

COMMENT: Can we get back to biology � from
an earlier questions? If you look at Gene
Gauagher's  University of Massachusetts! work
and certainly what David Shull discussed yesterday,
it appears that water depth, sediment type, and so
forth are important to what organisms you find
where. The question then is, do you or do you not
cap in Boston Harbor? Do you change the com-
munity because you are changing your substrate?
This was asked early on in the process but should
be examined in the context of scale. How much

surface area do these sites take up? And will they
or will they not recap themselves with the fine
sediments?

COMMENT: In some cases they have done a site,
not just to get rid of dredged material, but also to
actually improve an area such as raising the bottom
to an intertidal depth. I do not understand why the
creation of a new habitat that would be better than
it was before can be considered a bad thing, just
because it is not natural? There seems to be a lot
of controversy over creation of new habitat.

COMMENT: I think it has to do with state regula-
tions, or with USEPA. If you are replacing degraded
subtidal area with degraded intertidal habitat, they
are still going to argue that unless there is a mas-
sive upside in the benefits, the potential value of an
improved subtidal sometime down the road greatly
outweighs whatever immediate value you are get-
ting by creating intertidal.

COMMENT: I would just like to add something to
what Judy Pederson was saying about changing the
substrate type. It is not only what is colonizing the
substrate  and I come &om a fish ecologist perspec-
tive! it is how inobile organisms will use it. When
you come to fisheries that is what is of concern.

COMMENT: Do we need to cap?

COMMENT: I think we have heard a lot of discus-
sion. It depends upon the situation. If you are
designing a remediation project, capping may be a

critical component, If it is going to be a Boston
Harbor situation were you are going to see rapid
resedimentation and rapid return to sediment very
similar to what you just finished capping, it
becomes a bigger question. It may be necessary
because of the political and regulatory climate, but
looking at it from a "what are you accomplishing"
perspective, it is open to a lot of discussion. I
think we need to continue to discuss that.

COMMENT: If public perception says cap it � and
they are happy, they are comfortable and they feel
safe � then it is a lot of money well spent.

COMMENT: That goes back to the objectives of
the project. If the objective of the project is public
perception, a one-foot cap may have been enough.

COMMENT: We talked a lot about bioturbation.
At the outset it is one of those things that you need
to be aware of. You need to design for it because it
does affect various rate processes, it does affect
whether or not the material remixes to the solace.
But it may not be much of a concern in some
places and you may have only minimal bioturba-
tion in some places.

COMMENT: But is not this a short-term/long-term
thing? I mean if you are looking at Boston Harbor,
you are not going to change your community in the
short-term, but if a harbor continues to improve
then is bioturbation a concern?

COMMENT: If the purpose of your cap is isola-
tion, bioturbation is a concern. Period.

COMMENT: Yes and you need to design for your
specific site conditions.

COMMENT: We talked about dissolved oxygen
 DO!. It is an open question. We do not know at
this point whether this is a driving force in commu-
nity structure. There was some limited monitoring
done in Boston Harbor. Longer-term follow-up
will be of interest, certainly, if these cells are sedi-
mentation sinks. They also may be sinks for bio-
chemical oxidation deinand. Whether that can
have a marked impact on the overlying water col-
umn and how much is an open question,
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COMMENT: The benthic organisms are living
right at the sinface or on the surface so you do not
have to go very deep to sample � a couple of cen-
timeters will do it. If you do not have any oxygen
down there, you are not going to get many organ-
isins, period.

COMMENT: When we put our oxygen probe into
the sediment you get readings of zero.

COMMENT: So you do have DO ineasurements
that were zero?

COMMENT: These processes occur right near the
surface of a capped or non-capped cell. What kind
of long-term monitoring has been done on cells to
look at this kind of response over time? Or what
could be planned?

COMMENT: Just to add something, Monitoring
for a parameter like DO needs to be done continu-
ously. Point samples of water quality, in my opin-
ion, are fairly useless because they can change.
And DO in the matter of hours can wipe out cer-
tain creatures, You need to be able to monitor that

at a fairly consistent basis for the long-term. That
is an issue. It needs to be a continuous time series.

COMMENT: I would agree...unless you can moni-
tor something like the benthos that may integrate
impacts. If they are there and then not there, for
example, as indicated by a sediment profile camera
you can extrapolate,

COMMENT: You are aslang what you need to
monitor, I am just saying that if you are doing
something over the CAD cell, you need to be able
to compare that to what is around it.

PROJECT PROPONENT/REGULATOR

INTERACTIONS

Deborah Hadden, Massachusetts Port
Authority; Susan Nilson, CLE Engineering;

Steve Wolf, ENSR; Deerin Babb-Brott,
Massachusetts Coastal Zone Management

This session focused on recent experiences with the
Boston Harbor Navi gation Improvement Proj ect.
It began with an overvie~ by Deborah Hadden fol-
lowed by shorter presentations on the need for sin-
gle agency point of contact  Sue Nilson!, the per-
spective of the project Independent Observer  Steve
Wolf!, and perspectives Pom a state regulator
 Deeri n Babb-Brott!.

Deborah Hadden: I will start with a very brief
introduction to the Boston Harbor Navigation
Improvement Project  BHNIP!, which I am assum-
ing most people know enough about by now,
Deerin and I stepped back and looked at Boston
Harbor, as well as other projects, and identified
what we thought were the challenges to the regula-
tors, the challenges to the proponents, and issues
that we thought needed to be carried forward, the
things we had done well or could do better next
time, After my remarks, a couple of panelists will
make three-to-five minute presentations and then
we will open it up to discussion.

The BHNIP basically involved removing about
3 million cubic yards of sediment from Boston
Harbor. Roughly 1 million cubic yards of that was
"contaminated" and we placed it in Confined
Aquatic Disposal  CAD! cells within the project
footprint. That is probably the most interesting
point to know if you are not familiar with the proj-
ect. The remaining 2 million cubic yards were
"clean" Boston blue clay and these went out to the
Mass Bay Disposal Site. The project broke new
ground, at least locally, in a number of ways; for
example, CAD cells being used this way, within
the project footprint, within or below the naviga-
tion channel, was unique in its own right, Locally,
no one had had any 4tect experience with a project
of the BHNIP inagnitude or using CAD technology.
Also the way we worked through the overall
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planning and permitting approach was a little
different. I think the approach was more collabora-
tive on the proponent, regulator, and public sides
than we had seen before. There was no other way
to get a project like this done as quickly as we did.
I think that although we learned a lot, it was done
as well as it probably could have been done with
what we knew at the time, and I think that the col-
laborative approach was a real key to that. The
final, most important point is that we need to learn
kom the experience. We did not do things perfectly;
what could we do better next time?

We identified some of the challenges to the
regulators as they were going through this project
and trying to work through the planning phase with
us, identifying disposal solutions and then actually
developing specific permits. One challenge is the
lack of CAD-specific regulatory guidance and
maybe that should be on the bottom of the list
because it was pretty far along in the process
before we zeroed in on the CADs. For much of

the process, because of the magnitude of project,
there was not always the level of detail in the regu-
latory guidance that we could have needed, but
once we got to the CADs there was nothing. We
lacked predictive tools. For a project of this type
and size we just did not have these tools in place.
And I would add that the baseline data that were

needed to make those predictions were not there.
An incredible amount of baseline data was not

available so you cannot really do an impact analysis.
There were scientific gaps, and lack of experience
with monitoring CADs. So it is hard in developing
the permits to even know what to ask for.

All of the challenges to the regulators become
challenges to the proponents. Second, there is the
conservative regulatory approach that led to the
discussion of the cap and whether to cap or not to
cap. In the end we decided to cap. I agree we had
to do that to make the project go forward, but I
think from the regulator standpoint that falls into
the category of having to take a conservative
approach. With a $10 million price tag that is a
hard pill for a proponent to swallow. The lack of
definitive impact evaluation and project perforrn-
ance standards are issues, and again I would add to
that a lack of baseline data. Multi-agency interests
and perspectives were huge hurdles. We did things
on this project that helped us get around that, but I

think in general that is a big issue. Conflicting
regulations and policies were another issue. Even
within one particular agency different departments
have different sets of regulations; when you get in
an area that does not always have a specific set of
regulations, it becomes an issue. And finally, the
negative public perception of dredging and the
inability to convince the public, no matter how
much data you have, of certain things. There is
just a perception that dredging is bad and it causes
impacts, and that is a high hurdle to get over.

There are a couple of issues that came up on
this project. One is the need for flexibility. I think
we had an incredible amount of flexibility on this
project. Some of that came from the fact that
Massport, being one of the co-proponents of the
project  with the Army Corps!, as a state agency,
was able to go to the other state agencies and say
we need something different here, we need to be
able to work with you. I do not think every propo-
nent has that advantage but it made a big difference
here. We had one person that took the lead for us
in pulling all the agencies together and getting con-
sensus and it gave us one person to go to. If repre-
sentatives of the chfferent agencies, particularly at
the state level, were saying different things, that
one person got them around the table and got them
to consensus so they were speaking to us with one
voice and that made a big difference. As we went
along in the process there was an incredible
amount of flexibility incorporated. Often the sci-
entific data that you need to make a decision was
lacking, and we were given the ability to move for-
ward stepwise by having permit conditions and
checks and balances along the way. In doing so we
were able to improve the project as we went along
and I think you rarely see that happen. As a result
I think the project went along much more quickly
than it otherwise would have.

The Technical Advisory Committee on this
project is something we would point to as one of
the main reasons this project succeeded. We had
advisory committees throughout that changed
depending on the needs of the project, starting with
the broader public and more industry groups. As
we got into the permitting it became a very focused
group of people who had been involved for years,
knew the issues and could really contribute valu-
able advice. The state actually put that committee
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together with people who could really contribute. I
think a technical advisory committee can really
help or hurt a project and this one was structured
very well and we should try to learn &om that and
use technical advisory committees in that way in
the future.

The need to continue to advance the scientific

understanding really jmnps out at me. Through
these discussions it is clear that we know a lot but

we also do not know an awful lot. If you are try-
ing to move forward with a project, at some point
you have to make decisions and move forward
with what you do know. But at the same time you
need to pinpoint what you need to know, prioritize
that, and keep learning &om it. As proponents I
know we fought with the regulators a lot about not
wanting this to be a science project and not being
able to afford to pay for that, but at the end of the
day we learned an awful lot and I will now con-
cede that it was necessary. These are just some
issues I want to bring to the &ont, and the panelists
will focus specifically on some of these issues.

The Need for Single Agency
Point of Contact

Susan Nilson: What I would like to spend a few
minutes on today is a concept that was used suc-
cessfully in the Boston Harbor Project, which is a
single agency point of contact. This project was a
little bit different because it had the Technical

Advisory Committee. Steve Wolf will discuss this
when I finish, but I think that is something we
should learn from and apply in future projects.

A large number of public agencies either com-
ment or actually issue permits during a dredging
project. A slide was shown of diferent agencies.
As you can imagine it gets very complicated for
the project proponent to see their way through this.
Each of these groups represents varying interests
and has different regulatory jurisdiction. They do
not all comment directly to the project proponent
as I have shown here. Some comment through
other agencies, but the end result is that the propo-
nents need to see their way through to end up with
permit requirements that are consistent and that
once their project starts up they are able to comply
with the multiple conditions that have been set
forth. For the Boston Harbor Project in particular,

the complexity of the project as well as its innovative
approach lead to a high level of interest from many
public agencies as well as private organizations.
The review of the project from the regulatory agen-
cies was also challenging. Existing data were lack-
ing and there was not a clear policy in place to
handle the proposed CAD cells. I think this left a
lot of the agencies questioning how they could
address all of the comments that were received,

protect their groups' interests and still come up
with permit conditions that were feasible &om the
proponents' perspective. What the proponents
were seeking, of course, was consistency among
those regulations. Which leads to what resulted,
the reqinrement for a real balance. Again we have
the multiple interests and perspectives on one side,
and we have the proponents looking to go forward
with the project and have something they can actually
put into place on the other side,

For the Boston Harbor Project, this was
reached after years of planning and what resulted
in essentially a single document. I do not mean to
misspeak on that term because there were many
different permits for this project, but the real guid-
ing document, from my perspective on the moni-
toring team coming in during the first phase, was
the water quality certificate. That sort of became
the central clearing-house for permit conditions.
We went through all of the permits and what we
ended up doing was being able to look at the water
quality certificate and see what really had to be
done in the field in order to comply, in terms of
dredging, disposal and follow-up. Although it was
diNcult to meet those conditions, they were clear.

The other issue was, as questions arose during
the first phase, having one point of contact we
could go to. That was MADEP. We knew that if
we had any questions on the monitoring data or
who to contact, we were able to go through
MADEP, and we knew that then the Technical

Advisory Committee would be brought in and all
the agencies would comment, so the response we
got was a consensus. From the proponents' per-
spective, and from a monitoring perspective, we
have a single agency point of contact. This system
worked quite well for this project and what we are
looking to do is pull out some of the ideas and take
them forward on other dredging projects.

I work on a lot of different projects of all sizes.
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Typically we are on the proponent end of things,
sometimes we come in after the fact and we are

working on the monitoring as we did for this proj-
ect. I think what we took away from this was the
importance of using joint processing meetings or
using the agencies as a group to try to gather a
consensus. It worked very well on this project
with the Technical Advisory Committee. I think
what might be interesting to add in the future
would be a single agency point of contact, perhaps
following from the joint processing ineeting.
Whether it be through Coastal Zone Management
or MADEP, it is important to establish some sort of
guideline that will enable proponents to go to one
person or one agency and feel their way through
the conflicts that come up between the dif'ferent
regulations.

Lastly I think it would benefit everyone � the
proponent and the different agencies � to have fea-
sible permit requirements that can keep projects
going but everyone can still feel like they had a
great level of input into those. So that is the idea
of the single agency.

The Perspective of the Project
Independent Observer

Steve Wolf: I am just going to give you a little bit
more detail than I did in my talk at the beginning
of the conference on how the Technical Advisory
Committee  TAC! worked and the interaction with
the Observer. Again there is a whole list of folks
in the various groups here that worked together to
hammer out the actual permit for the project and it
is a varied group. In addition to regulators, who
may or may not have a strong background in this
particular arena, you have your environmental
groups, some of which I would say are on the more
extreme end in terms of picking up a certain issue
that might throw a wrench into a particular project.
Those folks were all pulled in together in terms of
hammering out what the monitoring would look
like, how the project would take place, and when
my company came aboard as an Independent
Observer that group of people was already pulled
together. So mechanically how it worked was that
the permit required that there be an Observer for
the project. Not oversight  the Corps provided
that!, but an observer to look at things from an

environmental point of view, and look at the permit
that was issued for the project and make sure that
the various components of that permit were actual-
ly being followed. Money came from the propo-
nents, Massport in particular, through Coastal Zone
Management  CZM! who turned to Deerin who
selected an Observer. That person would report to
CZM as well as to the whole TAC.

In the beginning that group met every couple
of weeks as the project was up and going. Again
there was a lot of concern and it was a group of
often 15 to 20 people meeting for several hours to
go over the details of the project. It is probably
easiest to just give you a couple of examples so
you get a sense of how it actually worked. Here is
a picture of the environmental bucket used to
reinove the silt  slide!. One of the requirements in
the permit was that the bucket be equipped with
certain electronic sensors. One was a depth sensor
that would tell how far off the bottom it was so the
operator would not partially fill or overfill the
bucket. Another requirement was a closure sensor
so that if the bucked tried to close on debris or was

otherwise not closing properly, the operator would
know. This is an environmental bucket designed
on one hand for a cleanup operation, yet this is a
production scale navigation project, so the operator
is interested in production and doing this quickly.
It really was impossible to keep these instruments
intact, working at a production rate. After the erst
night of dredging the electronics were gone. That
could have been a showstopper. The MADEP
could have come in and said this does not ineet the

permit conditions, stop work But I think partly
because there was an Observer there at the outset

of the project, and partly because we were able to
communicate the information that things work
pretty weO � the operator knew where the bucket
was based on the amount of cable out, the operator
also knows if the bucket is closed or not � you can
still manage that level of control and ensure that
water quality and the overall objectives are being
meet without hav.'ng those electronics. The project
in this case was able to go forward without really
skipping a beat, and nobody felt that soinehow the
environment had been compromised. So that is on
the end where having the TAC really helped keep
the project moving in spite of soine difficulty.

On the other end of the spectrum is something
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I mentioned in the other talk and that relates to

having a cell out in the waterway where vessels are
passing over. One TAC member really felt strongly
about this. Through discussion it becaine more and
more of an interest and what came out of a series

of meetings was a requirement for a more detailed
investigation. One thing led to another and what
we got out of it was a very detailed report. This
was something that the project proponents were not
eager to do in the beginning because it was another
costly measure for the project overall, but again it
kept the project moving forward and contributed to
more useful data coming out of it for future projects.

QUESTION: Has the concept of an Independent
Observer been used previously?

COMMENT: I think it has been used on some

other projects but not on a regular basis. The way
it was presented early on to us by the agencies was
as follows. Look, you guys are the proponents
 The Corps and Massport!; no one is ever really
going to believe you  meaning the agencies!. You
are out there working 24 hours a day and it is just
really hard for people to believe that there are not
things going on out there when no one is watching.
Even in the middle of the day, no one is out on the
water, it is in the midcHe of the harbor, you cannot
see it from the land side. The agencies felt that it
was really important to have someone who was
considered independent, who could be out there
observing, and that both the agencies could look to,
because they did not have the resources to be out
there monitoring. The same goes for the public.

COMMENT: I have to say that we, Massport, were
incredibly resistant to the idea early on.
Particularly to having to pay for it, but also to hav-
ing someone who would be "Big Brother" and
would be out there trying to catch us off our guard.
The reality is that it did not work that way at aH.
The credit really does belong to Steve. I think with
a different person, a different firm, it might not
have worked so weH. I have heard of a lot of

examples where both the TAC and the Independent
Observer concept have not worked well.

COMMENT: It sounds to me like you have to be
part scientist, diplomat, politician, etc.

COMMENT: When the agencies came to us and
said that we needed to do this, we did it reluctantly.
It turned out to be one of the best things that could
have happened because issues like the one Steve
gave with the bucket came up aH along. What was
in the permit just did not work in the field and the
requirements could not be meet. Without a person
to help mediate and bring people together and
explain the facts and get a consensus on where to
go, I just do not think we would have gotten over a
lot of those hurdles without having to stop work.

CO1VBvKNT: I think the hardest thing, a thing that
Steve was able to puH ofT, was not becoming
invested in one or another of the aspects of the
project. Steve was able to take a clean look at
things and keep in mind that the objective was to
make the project work,

COMMENT: I imagine there would have to be
status reports?

COMMENT: Yes, Steve did that. Weekly emails.
If an issue came up we would immediately email
Steve, discuss it, and he would send out an email
to the TAC meinbers saying, this issue came up,
this is what we are thinking, let me know if you
have any feedback or we will talk about this at the
next meeting. There was a little clause that said, in
the event that the TAC is unable to achieve consen-

sus on a major issue, because they would have to
take direction from somebody, they would take
threction from CZM, but that would require an
extraordinary event.

RESPONSE: That was up front. And I think the
other overlying notion was that, at the end of the
day, the regulations were the regulations and the
regulators were the ones that ultimately interpreted
those regulations. That is really important because
a TAC run amok could be a bad thing. I think
there were a few times that that had to be said,

because people were pushing for things and one of
the regulators had to make a call. That was clearly
stated up front though and I think that made a big
chfference.
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Perspectives from a state regulator

Deerin Babb-Brott: What I want to try to do is
take all of this, everybody coming to work together
and this feeling of trust, and figure out how to
institutionalize that and memorialize that in regula-
tions going forward. How do we replicate the
Independent Observer process? Or how do we
replicate whatever it was we thought was impor-
tant? Just a second of context. We will have

dredge control management plans direct from the
Governor's office for the lesser ports of Gloucester,
Salem, New Bedford and Fall River  in MA!. As a
complementary effort to that, we are trying to
develop new comprehensive dredge and disposal
regs. So we have an opportunity to take I'rom the
Boston Harbor Project what was good and what
worked and move it forward.

There are a couple of fundamental challenges
that we are up against, but before I address those I
want to touch for a second on some other things.
First very briefly is the permitting side. On the
regulator side we were looking at an innovative
proposal froin the Corps and Massport. We had no
guidance at hand, we had no formal regulations
and we had no experience, We, being "pinheaded
bureaucrats," immediately took a very conservative
regulatory approach and felt comforted by the
prospect of issuing prescriptive regulations. It
would be this high and this wide, etc. The Corps
and Massport had more experience than we did in
other places and they had more information, but
they were against similar kinds of challenges and
we were not able to give them information targets
that they had to hit in order to convince us of a cer-
tain point. That led initially to a lot of wrangling.
We did not know what was going on so we were
trying to insist on builihng it big, building it deep,
and being very conservative. The proponents were
looking for more flexible perforinance-based stan-
dards, so we ended up in a pretty good place, with
many coinpromises, some of which were more
acceptable to some people and less acceptable to
others. But we ended up in a pretty good place
with the TAC, a fairly flexible approach, and it is
really that flexibility that I want to think about here
as we build new regulations. The one thing that is
crystal clear to us as a result of Boston Harbor is
that the TAC and the inaxiinum flexibility

approach had to be there to make the project work.
In the absence of definitive science and a definitive

regulatory approach, you have to have the most
flexibility possible to learn as you go along and to
get things done.

On the other side, though, at some point there
needs to be an underpinning of prescriptive regula-
tions. From the larger point of view you have to
have those regulations to get the public to buy into
the process. If you go forward to the public at first
by saying we want to develop a very flexible
process so the applicant has as much latitude as
possible to make a project work, then people flip
out. To them that is saying it is okay for the appli-
cants to destroy things and behave irresponsibly.
For Boston Harbor the compromise ended up being
essentially water quality standards plus a standards-
based approach operating in the context of a TAC,
under the oversight of an Independent Observer.

But now you have got to spin that into a more
practical real-world standard. The TAC was com-
prised of the best and the brightest. We had phe-
nomenal contractors, we had MIT professors, we
had folks from the Corps, we had folks from
everywhere sitting around the table once every two
weeks for a long time. That is a major confluence
of intellectual &epower for a major project. For
the smaller ports moving forward, and if you think
about regulations as an opportunity to take things
that are known and try to standardize them so any-
body can use them any time, you are not going to
be able to get all these people sitting around a table
twice a week to make decisions and move forward.

So how do we build regulations that strike the
appropriate balance between flexibility and prescrip-
tive standards, and write them up and go forward?

There is a lot that goes into that. MADEP as a
regulatory agency is chronically understaffed and
under funded. We as state agencies are often
behind the curve in terms of state-of-the-art infor-

mation and technology. Whatever is developed
needs to be built so that the lowest common

denonnnator regulators can apply it effectively so
the public can believe it, but it also has to have that
overall flexibility that allows things to change and
things to happen in a way that does not tie peoples'
hands. So the question I would like to throw out is
how to provide both proponents and regulators the
flexibility needed to respond cooperatively to
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issues that arise across the course of the project?

COMMENT; Communication is probably the num-
ber one issue, in that people have to talk to each
other rather than just among themselves. You go
into a project originally, you may not have had any
idea that Massport was under the gun in terms of
losing port use, potential shippers leaving etc,
They, at the same time, may not have known the
issues you were working on, what you were limited
to by law. By talking to each other you could figure
out what is driving their situation and they can
learn from you what bounds the solution has to be
within. By doing that you begin to start knowing
where the other side is coming from and you can
know why they are requesting certain things.

RESPONSE: I agree with you and I do not. It is
almost too warm and fuzzy for me. We cannot
write regulations that prescribe happiness and
communication.

COMMENT: I do not think he is saying you
should legislate that in the regulation.

COM1VIENT: The idea of "to make it work you
really need to know where the other side is and
why they are there" boils down to understanding
their problem, And it works both ways: they need
to understand your problem. In the end, it gives
you ways of trying to seek that common ground.

COMMENT: I think it is an interesting phenome-
non as I look back over the life of the project. In
some ways early discussions were very adversarial
and we tried early on to lay a groundwork that this
project really is good for everyone and I think peo-
ple bought into that. I think over the life of the
project we really did get to understand where each
other was coming from. It did not solve all our
problems, but it did make a big difference.

RESPONSE: I can think of a specific question that
may help focus this. Going forward with the new
regulations and thinking specifically about
Gloucester, one of the questions we want to
address is how do we determine what the maximum

permissible upper level of contaminants suitable
for CAD cell disposal would be? We talked to the

Federal agencies and the Federal response is
Resource Conservation and Recovery Act  RCRA!
and also known as Superfund. It is a RCRA stan-
dard and this limits the level of contamination at

the high end. The city, as they try to develop pub-
lic support for this approach of having the state
regulations determine permissible upper levels of
contaminants, and CZ1VI is supporting that. RCRA's
numbers are scary and seem arbitrary. Should
there be numerical thresholds? What sort of flexi-

bility should you build?

COMMENT; There are so many other things at
play. Youhave tolookatthebiggerpicture. For
Boston Harbor you were taking material that was
sitting on the surface and you were putting it in a
cell in virtually the same location. So even if the
cap completely failed, or there was not a cap, you
were probably still better off than you had been
because at least you had buried a lot of it and
sequestered it. You really have to look at the con-
text; a standard needs to take into account the

whole environment,

COMMENT: Something we have talked about a
lot was using a more risk-based approach and that
does not necessarily mean risk-based for marine
organisms, but risk-based for the whole project.

COMMENT: Another thing that comes to mind�
although I do not know how you would write it
into your regulations � is to capture what you have
done with this Independent Observer. Somehow
you put into the regulations a requirement to have
a study group up front.

COMMENT: If you put that in the regulations and
required it, on a smaller project would you be able
to get people to come and contribute? Usually the
people who come have a strong ulterior motive,
usually of stopping the project. As a proponent, I
am not sure I would want that.

CO1VIMENT: If you do not have the opponents
there at the beginning you would not have been
able to get much done.

RESPONSE: I do not think you can prescribe this
process. You can say you need an advisory
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committee and build on that.

COMMENT: Sometimes a lot of the regulations
do not consider magnitude, which translates to risk,
very well. They try to be prescriptive and one-
size-fits aH. And it does not work. The testing
regulations might be a good example of that. It
does not matter the size of your project; you need
$100,000 worth of testing.

COMMENT: One approach for smaller projects is
outreach. I do not know if there is a vehicle, if you
could get something on the local public stations or
something that could describe this process, but that
level of outreach and communication might help a
lot down the road for some of these smaHer

communities.

RESPONSE: We actually have a requirement in
our permit to do something like this once the project
is completed, and it is not completed even though
we talk as if it is. Some sort of release, letting
people know it is available and doing something
more geared to the general public in association
with that would be a way to accomplish this. I
agree it needs to come from the agencies, and I
think that would help in future projects that may be
using similar technology. Just to be able to see
pictures of what these things look like, it is hard to
envision.

COMMENT: What about at the Museum of
Science in Boston? What about at the New

England Aquarium? I mean the Big Dig, I drive
by it every day and I like to see the pictures in the
paper that show aH that stuff underneath. That
gives you a better feel for what is going on,

RESPONSE: We did send a press release out to
the media, but we have had a hard tune generating
interest. We tried to get a lot more press as the
project was underway. Anything that was going
weH we tried to get the press in on, but they were
not interested because it was not controversial.
There was not interest in that.

COMMENT: Then you have to go to different
media.

COMMENT: But a video is a good idea, on public
access television. And the time to start thinking
about that is probably not when the project is done.
Having gone through that process myself I can tell
you that it is a long process and to do it right takes
time. You need to script it out, storyboard it out, etc.

COMMENT: I think that this project on the whole
worked well, it went forward and it is essentiaHy
done. However my guess is that there is still a
huge population of people out there that did not
pay any attention to the project, that still think
dredging is bad, end of story, I think it would be
an interesting thing to have it at the Museum of
Science  Boston, MA! where at least you get people
who are interested in that kind of thing and there is
a lot of science that goes with it. I think there are a
lot of people who do not pay any attention, but still
have a perception that this was a bad thing but they
did not bother to get involved.

COMMENT; Another project will be to dredge
Gloucester, MA, and they are going to have a heck
of a time with the fishermen there. If they can
hear the story in Boston, maybe it will help.

COMMENT: I know what the regulations are,
One of the things that has not been discussed is
how rigid the monitoring reqinrements for those
water quality certificates were in terms of what you
got back. There are some real downsides right
now to the way the system is structured. If you are
going to spend some money on monitoring, then
can you get the data to be useful to the project and
useful to your understanding of the system in the
larger sense? It seems to me ~ is what you really
want. How much money did you spend on aH
this?

COMMENT: Roughly $200,000 over the project
and I do not know if that is the real cost but that
was what was paid for monitoring.

COMMENT: Just to add to that, one of the key
parts of the Boston Harbor Project was that we
conducted the monitoring during Phase I and we
followed the exact letter of the water quality cer-
tificate. We had a current meter deployed to verify
that the reference sample was in fact upstream. We
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were out there for 12 hours following every disposal
event, sampling every half-hour. We were really
ail over the harbor and what was great about this
project was that at the end of Phase I, which I
think was five days of sampling, we were able to
report everything to the Technical Advisory
Committee and Steve was able to make recommen-

dations. Those recommendations were considered

and there were changes made to reduce the time-
frame for the monitoring and to eliminate the cur-
rent meter, So that flexibility was in place for this
project.

COMMENT: At the same time we added other

things, things we r~ were not being monitored,

QUESTION: Deerin, I have a question for you.
Do you think that the permit condition we had
purely stemmed out of the regulations you were
working within or was it part of what evolved out
of the process? Because when we entered the
process I think there was a lot of concern about
water quality impacts and the proponents really
forced you to stick to your regulations and stick to
yoiu real key concerns so we were not monitoring
everything under the sun. I think that if the same
project happened again, we would take what we
learned and say we did not need to spend a fraction
of that much on the water quality monitoring, let
us just do a couple days of checks and spot checks
here and there. Let us focus on D and E instead of

A, B and C. I guess I view that as part of the
process instead of necessarily needing to change
the regulations, but I do not know if I am off base
on that?

COMMENT: That is a really important point
because any monitoring plan that is worth its salt
has a feedback loop for the data you are gathering,
the questions you are aslang, and it is flexible to
adjust to that so you stay in tune with the questions
and issues.

RESPONSE: We really did try to focus the permit
on performance standards so there were some feed-
back loops. That was our emphasis rather than
strict "this is exactly what you will do." Rather than
how, we tried to give flexibility to the contractor
and the proponent though performance standards,

but maybe there could have been more feedback
loops.

COMMENT; I cannot even imagine having to do
that water quality monitoring program for all of
Phase II. I cannot imagine how much less we
would have learned. If that had not been scaled

back we would not have been able to find the

money to do some other things and address some
questions that had come up from some of the TAC
members. They had a lot of concerns that turned
out to be very valid.

COMMENT: The unspoken piece of this, and I
have to be as politic as I can because it relates to
the way a sister agency is managed; the regulatory
agency is understaffed and overworked. The inter-
est is in regulations that can be regionalized to
non-specialists. So you have got a regulator that
deals with wetlands, waterways and dredging
rights. In thinldng about all this and talking about
developing an adaptive management, all of this is
wonderful, but we are really talking about the
imposition of hard-core bureaucratic reality on a
number of good ideas, How do you develop all
this? What are your monitoring techniques?
Think of that in the context of the desire of man-

agement to create a permit structure where some-
one in the northeast regional office can get a field
report from an inspector or Independent Observer,
run down the list, look at the data they have just
been given and make sure that week's operation
met the permit conditions. That is really the thing
to me that makes this extremely <Micult. And how
can you develop information for a non-specialist in
a cubicle, absent the benefit of a TAC?

COMMENT: I think that is a good model of
Massachusetts. You have got regulators that are
understaffed and overworked. As a comparison you
go to a site that has groundwater contamination
and the prescription is just put in this many wells,
sample for this many parameters and regardless of
cost it is just easier for the regulator to check it off.
Whereas now the system has gone to a series of
licensed site professionals who are chartered by the
regulatory agency and are empowered to make site
specific decisions and utilize the flexibility in the
regulations. How you carry the regulations out is
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up to a specific person who can consider the site-
specific data.

QUESTION; Can I change back and ask a ques-
tion we discussed in the beginning? We talked
about lessons learned and what we would have
liked to do next if we had more money. And I am
thinking more of the scientific perspective, etc,
From the perspective of management, if you had a
million dollars to spend, what would you do?
Where would you go from here?

RESPONSE: I have been thinking about that same
thing. We should focus a little. Where would you
put your money? In research? In policy develop-
ment? In assessment? Or in monitoring? Do you
put it into physical issues, chemical issues, and
biological issues, into information transfer? What
is the most pressing need you have to move this
project forward for the state?

COMMENT: I take the money and put it into
monitoring. I care what is happening down there
and whether or not it is working. However you
want to define "working": "it is safe", etc.
Because I am at the interface with the city's inter-
est in dredging and on the other hand heavy duty
TAC Boston Harbor concerns. My interest is much
more in facilitating the project that happens out
there. Get the work done out there. What is the
scientific information that is necessary to under-
stand at the most appropriate level? What is the
minimiun and the right information that we need to
know?

COMMENT: My interest is Boston Harbor and, to
me, one of the most pressing questions that came
up today is do you need to cap? We always talked
about leaving one cell uncapped as a study cell and
that is what we have right now. We have one cell
that has not been capped and we have cells that
have been capped. It is a perfect environment to
actually be studying that question, and I leave it up
to the researchers to figure out exactly how you
structure a project like that. To me, that is a press-
ing question that no one really knows the answer
to. If we had a more comprehensive body of
research and data maybe we would be able to get
beyond the public perception that without a cap the

project is unacceptable no matter the circum-
stances. We thought the data was out there but
obviously it was not because we did not convince
people. I believe there should be some sort of
independent study that focuses on that issue in the
field. Laboratory work is valuable, but there are so
many other factors. So if I had the additional
money that is where I would put it.

COMMENT: I think the public would probably
appreciate more observational data than experi-
mental data, because that is what they can relate to.

COMMENT: Are you using all the contaminated
segments or just those involved in navigational
dredging? If you are leaving some of the sedi-
ments on the sea floor, then those are going to
move over the cap and defeat the purpose.

COMMENT: That leads into another question.
Would you consider remedial dredging before such
time that you are able to choke off your upstream
point sources and ale'ect public policy in such a
way that you are no longer getting those inputs?

COMMENT; This is a big issue for port authori-
ties. They are getting saddled with much of the
burden for the dredging, but were not causing the
contamination. As the costs continue to rise and as
federal regulations continue to put more of the bur-
den on the local sponsor, it becomes a more and
more pressing issue. None of us has Ggured out
how to do it.

COMMENT: An MIT master's student that just
finished up this summer looked at using decision
analysis to ask the question of whether you should
cap or not and we asked him to expand the study to
the long term and see whether or not you should go
ahead with remedial cleanup and how that would
affect the cost. It was not cost-effective to cap, but
the difference between capping and not capping
when you were using deep cells with sufficient
consolidation times was very miniunal. The deci-
sion would be one you would make on the basis of
some other reason to cap, e.g., if you felt you were
going to get more support, or some other benefit
outside of just the dollar cost of the en~onmental
benefits in the bay. We then asked him to look at
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the long term and whether or not if you cleaned up
the rest of the harbor, how would this play out?
Down the road, you would probably gain by have
less dredging cost, but initially, of course, it would
cost you more.

COMMENT: And it depends on the other sources.

COMMENT: That was the crux of our argument
of why we did not need to cap. All other things
aside, no matter what kind of interactions are going
on, the reality is that you have a lot of this material
down there and it is basically self-capping so what
we put in the cell will becoine capped over the
years and that is also an important piece. We did
not win that argument, so I am thiiiking we need a
scientific study about the actual impacts, maybe
done independently from the proponents.

COMMENT: I think the cap was originally
designed to prevent resuspension. As time went on
that became less of an issue. But by that time we
had already finished the cap. The initial reason for
the cap was for resuspension.

COMMENT: I think the "to cap or not to cap"
issue is out there and I think we need a lot more

work on it. I have my personal biases on that. The
other question was where do we put om funds and
I think there are a lot of questions out there�
physical, chemical and biological � that I think are
site specific.
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